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<Ull ^ .Ailla. i^a£I ^aJ^£Al AJjjoJ^) ^Ac. ^LulAlj OvL-allj t^lxJ ^aiLo ^jLuljyi ^»Ac- (_£.A]I (j^-ollx!! C_J^) 3l 

.(jLaaVI lg Ia'Sj. A_jL<aVI l U^^)C. j) ^1^11 Alajl A_J^)aj (JsxAlj AjUjjl^A (J£ ^jc. fi^iAj t^aJ^iij (jja^alj ^jLuljyi 
jjij (jLoij^n (J-ac. >c jLiijVi *^c. ^ i^yi tL-flvi, vixAiVi i3a l_l^.jilui1j a u ^ju 

A aaiW L_i^)laj ^ja A , u*)‘i^a 1I (^LojoiVi ^3 ^aAc-j) ^ ^ja Ig a\jm ^llll A_3 ^)*a]I ^^AjaiA (_>a_jVI S^jIaC- 

JIjjVj ^-UalLujI tAj^l (J£*J1 S^Ja ^1, W'u Ajj c^a^Vl ^Ac. (jLuijVI ASvlaA AL^AaAl (jj^)£]l (J3la. # 4 a£I^1aAI 

^Ljjiflll J CljLiiJalj^)]l£ ^a^i*AI t qV’tSa ^3 <Aa->Ja As^xa o^C-13 ^jLuijyi ^jjjjojI # CjIs j)1Aa!1 ^ja 4_I^aiA (J^j ^ * Al 

JjAlaAl Cjlc-I^jj (JJjIa jllij tAqllA ^AiL (jl (Jjlaj (JI^jVj (jLoijVl (jl^ AjC-I^jI (J£ ^3 .^cll. # # ciiiaAI j L_lAaAlj 

Ig m <_jaj tdjls jIAaII cAa ^-3 Jjlaj <jl VI (jLuijVI 1 (JIa^1\j c. Qx^iTi JjAlaAl djlc-l^jl <jVj .L3J)^ A ^ J 

# Ajc.1^jIj AjI^I.ViI ^3 As^xaAI dAa ^a, W"u*n (jlj A * Al ^A 
s-l£.A]l AaAViI l^jaiG Ail VI ClilixAaAl ^)J^Aaj jLoijV! diVjl^-a ^_^3 t^jJalj (J^ tAilalill l^A ^,lVn 
<J-uij ^jl ^j-o ^aC-^llj (j£*J\j \,x Ig 'iC- o^ixUJ tdjl3 ^a^A ^Ac- jLoijyi C. Vqj j>" n^s ^^C-lllaj-ay I 

^)J jA-a'lj Jl^y\ ^al3 #( jLoij 5U SJliLo Ig 'l^l t^LLui 12 cjAla ^1 (J j-ajV t^C-lilaj-al ^aUaj (JjJaSl 

UUa.1 <J,\l"ux)‘i t^jLoljyJ J <JJJ^)11 (JLaC-VI ^aJaill fiAA ^a # <£c. j oAjoi^. Jc- jLlLoiVU ill oAa 

(Ja. jl /j (JjlVi ^3 <1 I^jjJuj I^C-Lula .AjII <j-uii]\j £-^12! A \x LoVlj tLia-x-a S^)AaaJI ^j^LoVI ^_^3 

^lluluiVI J j till^Vlj ^aLtlill ^^3 Ali^J^Ia L -Ox^ (JI^)Vj (jluijVI (J-AC. tiilA (_5Ac- l^-l-ij 

^a^3J (jl ^Ualuil A.i.tih\ ^A ^a 4_aj^)la]l ^Al Aj.W^lU cJ->-aJ ^aJ 4-jl # ^)l^]l Alajlj 

^.l^^ll A.a]\ \\ ^ja .lp*J! ^.LLu ^al3 AM ^lYn^VI J )j^s Vi\l ^l^jl (_y axj .^iVnl ^j^lallj ^jI^aIIj CliLijJa^)i]l ^ja Aj^JI 

/oJ.W^q (J£U1a cJ 2 ^ 'i (^5-AI ^^^C-lilax^V I 

j.nxjj # ^jjiaJI J (_3 jA 1I 4^a-uAI 4^-<uai]l t^jj-aill ; ^jjiAaJI ^jjjl^aJI -^jLoijyi <_£.}] CIjLg ^1*_a]I (J^Iaa 

t^ll^yij ^jc. JjJJOLaIIj <I^.Aa]I Cj[a j!*_a 11 (Jl-k^ll j ^.I^^VI i£^-i I^Axl ^)JAa]I ^gjqUJ^)ll ^c]\jt-ft]l ^A (Ji*Jl 

Ajj-ala. l^x-ljjl (J£j A_3^)*_a]! ^-3^) jiVi # ^l^]l Alajl j ^laiLuiVlj 

cAij^la ^jc. 4,1‘v^ll CliLa ^L«_ a]I ^ja t^jLuijyi ^)j-aj]l A_ujla. c. t nx«Vi jmj # A_a.laJl Aic. l^c-l^^luil 

(jl Aju^VI (jiil^aJI ^_^Ac. Aj3L2I %10 31 1<q nji # Cli!>la.^]l ^JLoal %90 > >" \}^ 

A-<JajVI &Aa ^L<Jaj CllLo^ix-a] ^^-ujLujVI (JaA^ll <A*aA t^^C-lL-a]! ^jj-aill j-^-ia ^-o ^Ac- 

j-^all ^jojLall t^jjjj-alill CliVl^ * (Jla^yi Clil^aj l^_i3 .Wi3 ^LuijVI Ig ^5^1 Ig x*i^"i A_iuUJ^)]l djl^a^ll (jj^j ^ja 
131 djl^ajj 4^0 ]\j«_a]I^ A ^ll» aII a^aj ^aj La£ # ^til #># 6^lill tdjjj-all Aalilll o^_a.l \\aaW A_a^l 

<jL-all £.!^aV! 6^)13 (jC- AJjjjoia (^5-Al Clll_iaA^)i]l ^aj <jL-all p. !>V! „jA J£ Jl »■ 

# (JaAI dila.^)a-a ^1 (Jj-»-a^i] l^IiaAbtAj cl^_li^aj tAlaA^ll C1 jIa^1*a]I 



CliULnll (Jj£jol3j (jLkjlj A x.^lA.\l £_£jIaa]1j (j. ajaVI c qIiAa ^ic. A.j'nA CliLi^A^ill cIa 

^•l^VuxiV C1 iLq^L«_a]I 4 ,y\[* a tig Uui Vi c. Og ) CIiLa^IxaI] A-II^aII A -y\\,x ^11 tdiLo^Lt-a]! (JjIaj tdjLo^ix-A]! 

^jjIaa l_jLui^J djU jIxaII A ^llar a t(JjV*^l AjlI] C1jLq^L«_a]1 Aa^.^j t ^liAlill \±la ^ic. a'ic V Ij ^jjaIiII 

L* Uxi'n L_lll£Jl l^A ^Jaiu (A 'N.jVill^ _jl^]l eUaC-lj (JjV-^ 1 AldUaA tAjj)U-iAll aJLoiaII Uxi*s. Ia^jLu^I AajUaA]! 

IgJ t J^.1 ja]1 oIa J (jl V* n*\ t^C-lila-x-aV 1 s-l^lll A-aJojI dllj^lj (J^1 ^)a (J£ Aj jIHa 


^J1 (Ja*nj # lg_Alg_Aj lg_c.l^jlj ^Jaill oIa Aa.^ai L_lll£Jl 1.1JJ # (Jj-xAaSlillj lg_^.^)jal] A_L-ailA l_jj£ 

A aj ^C.1 'iJ^x^Vl c-l^lll ^3 Aa.^VuxiaII A_^a^j]1 CIsUlI ^jC- ^Jaju .dl^dll (J£Laaj A3^)xa11 (JjIaj 

Ajjlluil j 3-ij3tAM 1 jjjx^q n # Ai^)Jaj Ax.ljjlj ^lliHuiVl (jc. (Jj-^1a]1 ^^jUI ^J1 .Aja jjilill AjlIII 

.A aJViVI (_ja ^^ill l^gl A x*oUx*oAj Ai^)Jaj aI^I^aj ^U‘ill (j» A*n .^C-lilax^V 1 $.l£l]l ^aJaj 

a^gi SUoslaI! ^jx^ijill Ajx^ilA ^jc. Aj31£11 CIAa^Lla]! l^iklj iV 1 o^gJ ^iaa!! ^IVnxxiVl j ^LxJl till^pVlj 

£A _ J)JJa‘i11 £_£^Ijaj ^aJnj (jC- AJIaVI } J (Jjx^lVtll J ^^jalll ^-UaC-l £A t^LidVlj ^Ixxl^Vl J)JJA~1J Ajj^)] A a)ViV1 

.(jjjajII ^xJVtj Aj^jII Jjx^Vlllj ^,3-aag.J x A^ ^)jj-a]l J)JJa')J A_^JI*a] (Jx^^A L_j\j£ (J^lx^Ajx oj Aj\j ^1x11 

O^l^ii] Jg^l t^Ajjl^Vl L_jIj£J 1 ^1 4-i^l tL_jlj£jl 11 a C1jIx.^iA\a11 L_3^Loj 1 jl.A*iC-j 

(j^lall ^j>a» \\ ^jj)Ax>ia 11 ^gJ ^ic- ^C-Luij] tAjjbtJl oLl^ll ^ja A]1aV 1 ^ # J^joill L_3^1 uj1 ^ja ^g ^11 j 

A j Vq'i CllVl^-Q ^3 qi->a^ia]1 j ^jj^jJ^aII j ^jjIaIaJIj Ajj^lH AJtlllj ^jj'i^ljll j ^jJjo:^1j1] A_^.^a L_lll£jl 11 a ^^jIaaIIj 
tA_nIa]l djVl'NAll t(_^^)^Vl A jxxi.Vig 11 ClaVl-^All tA_nJa]l ^Jalllj CIjIa ^1*a]1 ^jjjja^H A xxi.ViA ^ja C131a^Lla]1 

^^i*Jl # £cJl ### £.ljJaa]l ^a^lc. t^jia^Vl tLjSl^)» “>11 t g.ljAj^ll t^U^iill t djlj jJaLj^)ll^ A_1 aL«J 1 CliVl^kAll 

# lg_C.l ^jL Aj^IaI^VI 


L-ii^aJl (jC- A % a! 


^liAJj A^JIxa A aJ^-i'iI ^j^ix^A'i t^JVl l_Luj\_^J1 A xx). Vi A ^3 o^1jj£j 1 1966 L>* 

(JL^A ^3 (JaC. La£ # Llu)J^) — ^iAjj!yl3 t A jVVlll A_iA J^'S.ll ^iAjj!^l3 A_X_aI_^. ^3 ^Ajjl^Vl aaixllll (Jl-^A ^3 (JaC. t jjx^lll 
< lIIjIa^IxaII A jVVi ^j^Lxaa a^)l^l ^3 AJlII ^1 ^5^1^ ^Uaj^ J)JJa‘)11 j A^JIxaII ^Jaj 

Aj^ill ^ic. tL_jll£Jl djljlxxiVuxiVl j djL^l^jsVl tdjUa^.vlA]l (J£ ^Huil j 1 1^)111 c-l^jl A3^)*-<a 
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(J&l f t£i2l £UjUj (j£> A^aI 


^gjt-nJali ^.l£j]l A-y Wi j A \x x«oll (JjLuiaII (J^J t<j^)jaa]l Ajx^lA.11 <jLuLq CF^ t <_ 5 - c -l-k^ a -‘- :a Vl c-l^.111 a^)^3 

4J) (j^^V ^.5 ji\.^ja (JllLaj Ale- vHa3 A xaj.vill ^)j)t>s-ix 11 ^3 C* ly^k 

fiAA ^^)la # (jLuiVl (J^iu (_5^ "dlxuUS C. Qx^j yj jlA liLll^l ^AjLiJaC.1 (Js~lX } ciL^^i Ajj-al_k 

U_fl Jjoliiall L-J AjUxl-N.ll Ajxlll J (JjjIaxjj A_ugJ £.)jjjj A-iJ^Vl djlVn^ll ^ S^£all 

C* \ )*N t^C-Lllaj-aVl S-l^^ll (JjVl (_JjJjo1j^a 11 ^A ^^JOlC. dJlill ^Ja-ui^ll (j^^jjjll (j-° ^jl±ulVl 

(j^ll ^^3 A xxi3 n A_*jJaj <_£ j] 1 ^l*Jl l Q nx^'lll ^ j)g <\a ^jjLoi! t oJ^xlLa (J^Loua (J^J Aj^jiI^ja aJI (JjL^. Ail 

(J-aC. (Jjl ajUfkl! (J-a*Jl IAa # ^^I*J1 (J£ t Qj'u^i'il A_a I c. AjJ o^)5Ls ^jxiVi nl j (J£ ^-^j3l ^JoC- ^j-ol!i]l 

^jxQx^'l Axj Ajl^ilU AWa ^-aic. aLyjl^ ^C-lllaj-aVl c-l^All S^)^3 o^Vj ill^J < ^C»l iJ^ix^Vl c-I^aII (Jl_y-Q ^3 

> ^gjJaLft!l (j^)^l iil.J 1J« j^jl ^3 ^jjjjixQ^ll a^j^yl 

^ Sj^kSl o! jCil! <_ 5 Ca.l ^ 1956 (artificial intelligence) ^Uk^VI <,l£kl ^ik^a ^1 jS! ^ 
A_*_ 111 ^3 # iillAjl A j)lxxi*N jjaJ j AjqJVtxa (J^LAla (J SjAill aAA Ci^jlj # Aj5L^qV 1 ClAx-aLyll (_£A^1 

^l£ju jAiill A_ilfL»] intelligence cf^ 

• (jjAl^il ^1 A xQjxxl'q 1 ^xi Cjjx^iq \a ^^C-lilax^yi ^.l^^llj U-fll^JC-Vl *^tJ 

a \ \ l j ! ciaJ! ■ " ^ ' ■"■ • 

J Jjj'l/! jjAL-al! — kxaJ! • 


AuxuaxSl dx&jJ! CilSaJu iSi j 


: JUllk akciV! Ik, A_1 ujLoiV 1 D^)^a]l (Jj^ xxl’l 

# (_^^)jaa]l (Ji*ll — ^-IVtUxlVl J JJ^Alll Ajx^l.-N AJ ^xxl-N • 

Jaxll A_nj (_>^j (jl ( > > ^>J ^jj^^'tll A jx^nlA c^U^jxxi (^1 tiilH • 

^^^jjaoll (J£*J1 A-nj Aa jujj ^S^-2kl + Cialj^xQ^j — A xqJ^'iI^ ^ij ^jjWil A_^_^.^o A j u«o«.ll CIl^jII Cil^ uxi A xog a Clil£ tiill] 

Jill Ig x>»a j Alc-lilallj A )^yi^<ill (10 A 21) A j u^a 11 Lu^l^Jl A^. J A “y A 

^Uaill ^jxQxin ^JaJ_jj tCil ijx/« 11 A_ljL<^<a ^jx^il'ic. Aj u^» 11 Cli^a]l Cil^ Uxi C1 l<uA1 j-n'iII l^A 

tilLo J cl^ (j -0 A 1 U^iC- A^)x*xi (Jjl ,A j U^l» ll Cil.^ U*xil\j ^xlajll aAA ^Axjil .^AjJ^^ll 

i^ja ^\ JVtll IaA # ^^)jaa]l £u*\\ A_lc.lij J ^^jaoll ^)x^>)ll ,\ilq'il aJjL^-a Clil£j # 1965 -1956 



A qV’rN. < Q Ja A-J jp^aII A ^\lL«a ^)±ac.l A_al (.** aj-ya tJadll ^jjm! A_iuaLui^Jl AaAd ^jl£ A_al ^JC- tg-Ag 11 

4 qV^-v d 1 11 *v I 

(Jjl ^\At.si'\ <_ja dal*aj*alA**all ^3 (j^da <jl ^11 C(JL^a]I Ia& ^3 daV jI*sa 11 JAc. y^lsLi ciilA Axj 

da\_iLa*Jl Aiiia Ax-^)joj ^lil^dua L_ lixlill dl3^1l Ia^J d aj*s # £jl^}ll jfi ^J_J j >a- q (j-Axda ^U/iC- — 

daAlla a!1 <_ja dale. ja^a ^al.W'lxxilj <_£j! jIaII (J^JI A_ix-aldj Uxi'al^lll £-l^)!idl ^aJj j) UA^sll ^3 o^)£Ia]I 

.(_£ ^^l 

.c-ldasll <_ja o^j-nIaII ^ja ^alxxi^Vl J)JJa‘i ^aLaVl &AA Aju^a 11 di^-ill dalSdil A_1 auLujV 1 A Ag a! 1 ^)d*j 

x-all (3^)ia da^ylj cilliA 


; C5 _i J -a*Jl di^Jl d al^ uxi ^a_ 


. juaiIIj A -n11»a 11 daLiA^^l^d Ail£ A a^Val A_a3lda] dal - n. 11* a a jfi jjja^ ^jAx^d — o^_^.Vl (_£ jILaa • 

# Ajj3 L—ixji\ ^Ic. Aiia j daLiAjj^dll ^al^-A A3l£ . \aA Va j ^a jAa dal a-N.A_jj jj^iaj — daLi^A^)JI (_£ jILaa • 

<_£^)dVlj oAc-Luia dal -^11* a ^lAVudi Aiia ^alg a!1 y^x ji°i Jdajluill (jikj^)la]l ‘-** V 1 ^. 1 — £cj^)a]I l£ • 

4 dalj-s.A^)j ^1, W'u Aj 

^j£>\ ftSill Aa^jlj dlduiu qa 


/o^^aII ^aJajll £.ld A_da^ l_aA ^a£-aV d aj*ya t(A j u«o* 11 dal£jdll) ^JjVl Ad^lall (_ja£1*a oLdal Ad^jall oAA 

<jl ^le Ij^^jl aLdaVl 1-AA ^x •n.x'xia # ^£^jdu]l ^caII A_jLaa A-L^AaII daliLnll ^Ae cJ*-^ ^_j a!1 

^)3 jla ^al ^a11 j M L_aV j*^l M '^^ ,Q 1 jlaelj tAj»j t a)all ^iaIax^i’IH (> ^-ac. 1 J£djj ^jla yl l_l^jV (jlxdVl 

jLdVl _J4^1a ^jAda Ajl-sl^ll daLiiAxll^ jjj^ll (Jg -^11 ^il AsldaVlj .AliAila jj L_fl j^)xa] 1 A_l£_dj A a jjAallj 

c-ld A_da£ j Ajl^llidl j 

^al Addjjlj ^c.1 a 1 s.I£a]1 (J£Lola A_i-ald]l daLiA^^)l^d]l ^je di^-Alj ^xIaI ^c. 1 "aJax^Vl $.1 £a]1 ^ja oLdaVl lAA 
A aJViIj A_>_ald. A^a^)J A_*J ^jj^lala dul£ (JI.-^aII liA ^_^3 Allxill A_aA\_ula] 1 .0^)3 jA«Al L—IjojI ^ jLd 

L V’l^A >>" a^a JaaA-al ^)JaVl ^aj j ^)JaVl c. ‘qldn^l Idajl # ^j^I£Ia (Jj3 ^ja (LISP) 1 

aAA ^jjjLaI Aj uaII dalj-^A^ill ^Jjl ^J^lalaj ^jLuijyi jj^sVall daLiA^^l y^-j 2-iUJ 1963 -1956 A-^VI 

Aj^IaI^VI ^a^ixll ?.Ia1c. 1^-43j ^ilalaj-uJ ^ai IaAIc- lAA (JaC- ^ja t.s-i)l 1 $.1£a] 1 (j^AJ ^daLiA^^jl^dll 

;AJU11 C. ‘all's. A ^aJ (JjalLaUA (_]£djj A_iie ^djLiA^^l^dll oAA (AjlIII ^.IaIc. C-IaIc. tAdulvlill) 

^)j-a3Vl (J : 'ia‘ij c xd-a\. a!\ (j^ll y* dal"ajx*iA^ll Aal^d dila^V > >" a^j ^ j ^aj ^a aa • 

A_ujLuj 1 c,** a’^aJa # ^-ualj (JIaxAujIj IajaII 1a& ^(Jala^All (JjIaj) d a^jill LL^a (J^ld (JIaVI 

% {_£ t^j^Lxxill^ L_alxlVl (J>a» t a 

a (dal n'ixxill AjIaj) di^-Al ^3 dal^LdJl Ae. ja\a _jlx^i*aAl t _ 5 ^e ^aj «>axa • 

AJlI ^4 IajaII lAA l$.ld # 1970-1963 ^(3^1 a] 1 daLidaLa^) ^I.^VuxiIj (J^xll 1 a±a ^a. 


.Prolog <^a jJI 

ci^idaj jIaj^VU 1978 -1976 DENDRAL j MYCIN AAidal s^c. jjjLj • 

t SlLxA,H A_11 aV1 ^^3 IaS g-ljAj^ll jl L_lia]l vHa «^lj ^3 (j^ax^Vall J A3 ^)xa]1 

>C5 dalAll Jjflll ^ja dal n"ilA : all ^3 ^1^)11 axxil^^j ^Ja'a ^j^Jala • 

yA jf&W C' alae j Aj^aII ^Ja’all j o^ndll A a)o'iV 1 (JS xxiji L_fleldala (jVl dal n'alA : all l Qx^aVaA <_ja 

•^liill (j^AJ ciilj ^ic- aI1aI£ ( a^IxI! A _aladA j oLi^Jl daVl^-Q 

^AaIILaII dalxlll A_fl A a)o'i1 • 

^a3l^j]l fiUbldaA AaLjI • 

dalAx-aJl AajIIia AaLjI • 

^jjxll A Ax^ia A qjiOaA A a)^'i1 • 

A_ula]l o^jjdll * l*» <1 1 • 

Ajljx^illj A_x-aldJl 6^)i.aaJl ^JVall • 


ls £>\ ih</iVl f l£l!i uLjbuj A A^li 



; jJLj (jl (j^Aj ^cAilax^aVl ,\i J1 j J qjl 

tilViA'i Jill a aIViVI ttiiij 4 Aj£ill l-ij-ujL^JI a aIvAj -Lii^ cIiIjjjjL^JI ^Ic. (jA ^3^ (^^Vllaj-aV 1 s-t^ill 

4^1*(ijl 4 Cjlxll! Laj3 — (JL^aII 1 <^3 (^^Jull ciljjj Ia Aaw^jil A g iIxxiaII j J Jill jlVjlj *l£ilL alajj^ll 

t ^cll ttt (j£ U . xu Jl (JJj 

Jjlxjl C > llla'Vl Jill a! 1 . jYn ^a _j^jj CllljjajL^Ji ^)J jVnJI AJoliJa (_£ fij 4£-uilj (Ji^. ! (^g-cA llax«aVl £.t£jll A a)Vi1 

4(JjULa11j /oApJO) A-ljg.xxn ^l.g a! 1 0.3A ^flJJ (jl (j^AJ A_ilVl CllljjajL^ji .Mx a! 1 4-jlxxl^ll (JIa 4 J^-a 11 G.3A (jA .liixll tilliA 
AliAjjU 1.1^. l.viar a Ji*J (_£ill j - fi Jl JllAJ (JIa - UJ*^ Ji^ ^ Jill J^-aII j)A .Ipxll tilliA 

o.^« a!1 AJ)xJ!j o.^« a!1 C1j\.j\a« 11 4 * lllalj 1 Jill 6 A \x x.^all Jg a! 1 AJu^Ja ^C-lilaj-aVl e-l^All A a)Vi 1 t ^A Ti^aII^ 

4_jLixjjV1 .1^.1 A ^V'tsaII 4_jLixjjVJ (jA ^*^*-1 AjilxxiiV 1 djl J^aj! AHajI j ^^C-lllax^Vl c-l^All A a Jail ^)Jj]a‘n (jjjLill ^ajj 
Jc. jjj^pla j)JLj ia 4 JlfL^ii (_3 _iajoj ^Jc. , J Jill ilVjlj Jq'ill ^a JiLuijyi AiL Jail ^jajVI qll ^a A-laLauj 
^)VV1 L_lXuill 4 (_£^)jaLill til jLill ^)&UaA ijlfri (JjlVi Jill 0 a1^)J1 AjU5Lj AjJtdjI j Ajxxiiill 4lAjJaill A_iijj j Jjjl 
J£L1 a 11 (JVl S.Vi4a 4AAIj JjLuijyi (j Jql Iflil J.><Qj> .\folt (jj*^ 4Ajilj ^o<al^)J IjAic- (ji ^‘jg j AJalxxijiji 

A \x x^H 

^ Jjlj (^]i^ U cl) - ® CllUj-uL^JI ^AstJ (J^-^]Vj A_L_aj ^C-lil^x^Vl (jlj .V4*iar J ^j-«a tilliA 

AjI ^ic. t g.lx>lC. yi t. Vllh j ^alc. 4A_*4]1 ^a^)c. 4^1al^jl 4 A,^ xxi\^J\ 4^jjiiili ^alc. ^Ji A_L-all V^jJj <>** \}^ 4lg \A 

CIiLAaC- 4 CllLlui^Jl j (.** lljjq'l ^a, W'ixxij Aji j>" ClllxulL^Jl ^^Ic- (j-o (^^Vllaj-aVi ^-l^^ll ^)JJXJ 4(JL^ 

;A_iiuilill ULiJa^ll i^a JllcJ! ^lc-^^lc-1 S^^^AaII ^a^iaJI ^ic- A-IUaII A ii^ 

^^C-lllax^Vl ^j>a» Jl 

AjjU4 j .” " J ” Aj^i 4 A j‘i\,j-\ " ; 4 . Vilh ^11 (j-«a yjc. ^jxxiqj 

.^UJ! ^^3 (3c.\i!ij_j t ajxA’n ^A_aVikja ClaL^^^i) V^_j ^a (jl c j£^j Ui£ ^lill a\\ tiilj 

•^jJtuJaJJ 1 JA 

# ol^)j tfil! ^-3 ^^Jc- oj^all ^-o Aj^jII • 

# ^aA^JC. jl AjjjUiVU A^j^xll A j» j jJ-ali AJtlli ^3 ^-A \A\x jjil^ajl Ajt^\ • 

# S_^2k^)-all Qcjl^AVi (J^ (JLgC-^M (j-«a aXuiIuj VijVi Vi •JajJacLlli • 

Ajj l i-v i i l"' ^ \\ Wi-^U \$w\ l *a ! 1 -s. \ 1 \ j til^klill • 

4 4. ^ \\c- Vi C5^^J 4 A lV'uil ^jj)x^lll l^_i3 ^tllxla (_5^il^ 40iaJL-a]l CllULui^Jl Aj^Hl ^aiaill ^a 

^Illl tilii ^a l^'i'qjlVi.Qj Ig jlxxi^ jjj^ill (J^V^ jV^Vj AjojLojI Jc.j jjj/a’ili l^xo jLiiVl Lqj j .tiLaij^. jj-^a 
^j-«a ^.1 j Jl Jjjlla-all ^xxi-^.11 ^.LujU 4 jl Jll ilVil ^aJJ 4A_ajUa-<ill A 'N.j'ji Jc- > djULnll SiC-la J Aj^Va 

^Altu^dll t. <al'u^Vl 

^jl .(JLxjj t. t \\b£\ JiJ^j 4 IA Aiijj ^a Jill i^j^x ) Ja^a Jill ^JaII 


• jjjVll (j£su& (JllLa£ .^j.nilxxiiV 1 g.JjVll i tilliA (jl (j^-^ 


4^alg a! 1 aAA AllAjV Va-£3 
.cjAeJ' ij^^-AjJ 1 






# l_j j-ujL^11 • 

. jwji jy^'viii • 

Ijl J^.1 A.J iI^a! ^A4A Jx^ll Ig'il'N^A j) L-lic-Vl ^Jc. Jllj t ^lg a! 1 ^jA IjjVl &AA AIIajIj A A*ig A S^uVll A Alai VI 

^a a Iv^aII djl^vll ^Jc. UUj Jj 4 ^ la ill (jA ^j-ill 1 -^a ^jl Jll ilVjl # (JV^aV1j ^jx>i Jll t. ^ ^)jj-a ^Jc- 

JjVl (J Va^ CliLluia. ^Jc- l^Lb (jJj 4^)ji^ll ^jLuijVl (Jj 3 (jA Jaill oAA CIjULij ^c.1j3 

^AliAlibU L_ixj-aVl Jk Aj^jll JiLiq^jl a! 1 <jlj 4^1 x11 ( xa # ^jjC.jjll AHajIj ^*jg a ^C.li)ax^aVl ^.l£jll 


aI^aII di^ ^Jxxiq’i (j^-aJ 4~‘ ij's 4^C»l ilax^aVl ^.l^jll A aI^'i! (J^1^)a 4_i 


(_^^)VV1 dilAjxxlVlll J 4_flj^)lxjll ^jA Ai^xll tilliA 



Jjj <qj 

Jjlajll j l-'-v j'l Jc. ClilajiLyjl 



(JaJ L-lic- l ^3 # Cll^J ^gJl ^^xlilax-aVl £ 1^111 0 a1^)J Aj\j£ ^3 A_a_uA_^J 1 AJalaJl A jYq'Jl c . \\ 1-al ^ 

A K xxia (3^* (^ ^Jc- . ^ i £->-iaj ^ic- 3^-J*^ 3^ U^J 4 (3 j3^“ 3 _^jV 

j cLo l_jIa 111 .la^ 3 tiijl .J4JI ^gJj (^IjJ L5"^ ^ogj ‘ ^ aIaII^a]! ClA^^aJl (3^ ^3 La 

Jl (J (j^J^la (JjJaai L_fl^)xjV 4^tJl # # .Clll^jUaa / CllvlaLa. / CjI^Lljj tilll] A_^£aa] 1 Jj^Jall (3^ dljl 

ClaljVqMl (j- 0 lilliA .JjUll £ajl ^1 -^jV dlLijl^aV 1 filA ^j-ajJa Clia3l L_L^.jJJ 111 # Ax^)jaiJ A_J^Ha-all A_g_aJl 

# UL^.V 3 .. u -^ iq ' 1 ^ ( a ^" UJ LS^ J c ‘* A x«o\A 11 

# 3^V ClllxujL^Jl Ig IajMxxiY J Aa^x^jlj A x^lAll CllLa ^L laII ^jjiioLl (3 j3uj jIaj] £a Aa^jx^jl (3 ^ a - 3 ci^^tJJ 

jjJa ^ a]1 1^-J (_j^al-^JI ^Jx^qll ^^3 A3 ^)xa] 1 JAaj (jc. 3.. u ^ q ‘ 1 ^ l** nwll ^JJjuj 
j c^UqJI ^IVnx.Vij ^jjii$*j)l 4 Jij)a Vill (31 a ^^xlilaj-aVl e-l^lll (j-a Aa^a £JjJal^A L_l\l£Jl 11 a i.** l^Uui La£ 

.^JVl 3 ->j]-vn.M1 j dlj-x^all 3.). 3<q ‘ 3 4 Clil^Jjl ^-3 tAjj^ll ( 31 a ^sI^-a (jxi3l ilxA tAlll^S _ 3. 3 . 3<Q * 3 ^ 


A^uS^l^Jj 

3 I (j^lj ^xl'i^x^Vl c-l^lll A aIViIj A_lajj-a]l (3 ^-xIaII (3^ (J^ ! A_a3La]1 oIa (j-° A-JU11 Aj-a!>\_aJl glnuJ (J^-aj 

^ A. Vn 

Cli^jl j cA3jx^]l 3j : ’ 1<Q ' 1 


A Kxxi^jj uLjju 

Inlc. 3 j1.Aia 4 ^cjjlaxxill A_i*J (3^1^ 1> . LS^" (j^ A_i*J ;(3 Ha .^l Uxi A Kxxi.aH ^ixJaj(i] 

Ai^j^ll # A_i*l]l ^^3 cUlj^l ( 3 ^ 1 aJ ( 3 ^ 1 -wjj ^i] AiU^VU 1 3 ^^ 3 A_i*l]l lc-1^3 

Ja^kuj^ c. V^i^Jl aJL^£ 3^^^ J 4^l_i*I11 a_*^j ^ 5 ^ A_iljV^ aJUJI£ 4_<j^)dlj 3 ^ 3^^ ^.^I'naV \ 

^gij A_iljV^ aJUJI 3 ^a (_ 5 ^ ^A-udj l V'lA 3 -0 tilliA 3 j£j 3 I 3 ^J 4 ( 3 ^'^'! ^.1 

A_a*J ^ Jic-lj^ll 31 ( 3 * > ,<a '^^ aJI-^. ^1 Jj-x-ajll Jl Ajl^jll ^ 3 ij (_£^^.Sn ClaVl^jl 

^3$ > <Q U V ^C.1^11 ol 0 # J^tJl A_i^lLa ^iC- 4, 11 j 3^ -J^" oJj.W.a 0j^)J^xxill£ 

^C- 4 3 ^ 3 ^^^ -ia-uj AlLtlLa A K xxi .a I'lg .A-ljg xxij a ^ jWuxi'i V L_3jjajlq3^ 4Ai^j La^aC- 

^3^3^ 3^^ 3' l&h 3' 

^a S^c-la 0$ a_^JI* 4 aj ( 3 -qI*j 3 I 3 ^S j 4 ^ 11 a 1 I uxi*\ .wll ( 3 ^ 3 1> . 3 >j AXaxlui^jl ^c .1 j£l\ 3^c. 3 ] 

l_jIx]3U 3 i3t .. 1 . 1 ^ 3 ^A j (^^-a-ui^) ^Lja3 ^jIaJ A_aj^)Ja]l L_jlx]Vl 33 <Q ' 1 3 ) 3 ^ ^ jA^k^all 

Ax. JA-N.^ 3 a A£^^J1 L_l^jlulJ (_^j]lj AK xxl^jU U1 ^Aj-uJ (JjlLajll 11 a .t-JJ*! Jill JIJI J^x^l A aJ^'^aH 

CllLijlj 3AxXn (3^1^ 3^ (j , 1 ' 1 *.. 1 > 11 £31 JA CIjI^- ja^a (_3) ^^-3jVl £3l^-a]l 

# Jxl jlll Ax J)A^A^ C. Qx 3> jli 3 I 3^J - 1*^1 cJ^^A A aIVia J£L1a • 

* ^-A-uj^ ^Lja 3 ( 3 xaj£ ( 3 ^a^j ^-AJtJ 3 I 3 £La} ^c. 1 j 3 • 

• L5^ J O 

# 4_fl^Jl £31 JA djl^> J)A-N.A (_^^-l ^gll A_i]jVl Ai^JAll (j -0 CJ^J' O 

^->)a'ia j>" 3 ^ 3>^ o 

d^jl 

•di^jl „by 33 "^°^ 3 ^j^ cilliA 
# C1 l^31 ^3 £ 3 ^a 11 li3a 3 I Jala (j^^ — >> " 3 ^. 3 • 

# C1l^ 31 A qJa'iA^j^liJ A 'm a CIiIa^Lla ^>1. W'uxi3 — (_^^Lxl^)l 1 “ ^ji • 

Vji (j-^xii _ ^j-apSti 3^31 
.aJ£3uJ 1 ^3 A_JjVl 11 A-ajla L Ax* jA^^jl ^^nar "i # \ 
# L (> n ft.V^Jl .ikli tiill L_a3\_k ^a t^jVl o.vi* 11 3) -0 cJ- 1 -^ 4 L 111 .2 

# A_JjSn o.V^.ll 3*° ti ^3-^Jl aJU. ^a n S-vixll cujl£ 111 # 3 



cJila A-o^lc. # L A_j!.1j (JliJal (J£ AiL-ial L (j- 0 II l VWl 1.1c. Lo 4 

.2 •!£• .A-iljVl o.Vto.ll 2)-® 


1 



Vjl j-Axil — &AJjl S J^-UI J j 1 4*1 X 

^3 (JjolLoii ^gjj JJ^ ^ ^3 jl.lC.Vl (3^ ’AJsl^.vU2I 

Vji o^ 3 

t A,K x^i/ali ^3 A_i]jVl 11 A_aj 13 L A-C. j)^>^]i ^).naj # 1 

# L cj-° n ^ tiilj L_flvl_k ^3 t^JjVl s.ifl«.ll (jj& (Jjoi 3 ^11 t L lj] .2 
# A_i]jVl S.via.ll 2)-° S^^il Jjlxj qj^jl aJU. n S.V^xll cujl£ Ijj # 3 
AJJ^a ( x-o (J43 A-o^C* £- l -^ a .L Ajl^j L5^) I^S (Jl^lal (J^ Ail-^ai ^JJ j L L>° II JJ^ifcjl l Q.W*1 liilj IjC. Lo # 4 

.2 Jc. # A_i]jVl a.vixll 


1 



^jLuu jV! d^ll 

; ^ill Iju^ll jA ^jUojVI diaJl 
Lajlj (J ijjjqjl (JjJaSl V iS • 

# (J ^i*_A]l Cli3^]l ^3 Ala. (Ja jlajV 2)AjJaJ • 

# Aj£.li£ Jj jj jljiilb • 

J&\ A jiar x-r-gjl (J£L!La] 1 (_)a ^3 AiAa • 

. j=3 is^ 3^ d p&4 V o 

# L_lLuiai] 1.1a (3^^a Cll3j jl l nig iV Ij3j AaU ^J^ia 0 
JtjaJ! gjUll kla Aj^UjV' ^11 C3J^ Jlloll «jl 



AjJLuijVI jjjla jLlklj -iJ yl AoajjI jik 

# A_i]^Vl aJI^JI (jA (jj^J^l AjI*^ _jl A 1 V*ia 11 £.Lja3 ^3 A_laaj (j^*- 3 2)1 (j^AJ (^kllj (Ja*^^! (3^)1 ^gj^?- 3 . 1 
V^g 11 CliVl-^* Ac. ^ a^-aj l^_i]l (1 ) jSJ-^Jl)^ ^ aAVI Aj^jI^aj ^Jlikq^l (J^Jl (Ja cJ-ai^-a]! (J^Jl IdA j^j nAj # 2 

. 1 cj-° ^),j^ ( “^ # *^^tj J4JI ^a ajI ^jjjj Idj # 3 


Aaj^)3a ^CiAl A3J^)la]l od o .^l.yiAVl (Jj 3 J.1V 2)1 i t vn.j A_IaI£ (Jj)^^ ^y’lJM j Vjl (JjaS^JI *-" l*\i ^joLojI Aaj^)3a]l oJA 
^a^yiii] # ClL^]l (J^JJjJalll L-Jj)U^A (^^La^VI Cll^]! >t ^jljjoiC. (J£jaJ (_yaj^yu& yC. Cll^jl ^aJJ l‘* IJ's 4 L_L^1 a]I 

C1A±jl£a] 1 (jl .AxjjVl • wj 1 £)J^f C1^_1*£a]1 2>a nl.-N (J^j t ^^yLjal ^ Cllld diljiat^A Ajljj! A K a*ia Uj^I AjI 

^3 A_>Ja j^)xa AjljjVI Sj 3 jlall 2)1_^V1 (j^^ 3 C* ij*yi n*i_jj ^3 <_ja£j A K aaiaII j ^)^V1 I fi.lV ^ 1 il'Nji Ac. j->la y Ajuj^\ 
2)^ d)^ Clljj^ ‘-Vl^^. AxjjI (JkVl (jl^ 111 ci^- 3 2j Ja^3 2 )£aj A K :;,aH t fi^)j)lViA C1 V*£a] 1 L_ljl^^. (J £ 

l_i*£a]\j V jJ^Vl 2)1 -la^jlaj (^iW^Vl Cli^ll (J\.A»‘ukil 1 (j>iq V 2)1 (_j^-aJ i-J^)>a 11 ViljLVl 11c. j 

^jI.^aII 


flSlt jLu 

# 4_fll^Jl AlU. ^J1 AillVl A_i*_>Ja^]l L_i_j3 AjlWjl A_iiIa^J A_^.^a 1 a ^)l.yiAVl j Ailjlill Aaj^la IjA 

# aj]j 1 aJU. a A jxjJa^jl (j^^ 3 tAjlg "ill (Jj-ais c. V^i^Jl aJL^. ^a Idl aj]jV^ aJI-^JI ^3 # | 

aJU. ^]j£jj aJUJI o^-l (JiuoiA # 2 

XlL^Jl ^aJ3 .3 

A jll,^ A_ixjJa j aJU£ IajIaj^U ^kj Ajll^ll aJL^JI ^ja l AJLq3 l - r 3 ^i (_^ 6 Ikj O 

3 aA‘ i 3 AxjI 0 lil o 

^2 (d>^ Sjlc-j tiilk l^C- Ia ^tklopJ 4^)3 j 1 a c>-^ 0^3 L_fl^Jl aJU. A_i]\_^Jl A_ixjJa ^11 Ikj # 4 

iAjtJ^V^ L_ljl^^jl yA 0£ A qV^All ^ J)A^A ^A L-baili^jl C1 iIj*£a ]1 AJL^. ^3 

90 j'-^Al L_l*£^]l ^LlaLulJJ jl’iVl ^C-l^kll J)A~^A ^jj # L_ljL^. dA 4* 16 4_fl^Jl AJU.J 

.UjI jjac. jl Ij.wa (j^^ 3 (jl (j^^ 3 > > > rn J^l 


.^dLUll J^U! jLS c jk ^ l ^a 1! ^JA ^Ic. ^JOIA ^AjJajj ^ji 4 dJ^ (^IxAJ 2)^ ^ qV’v^A I^aII l^A 

A loq'i l 3*>JJ AiL^ jl A_iiJaA J j ^)1 vn 1-^Aj ; Q**»^‘ 3 **»a d^Al^^ ^LiJaall <jl 

jjixiill aJI^ JaxILaj (j^-j j Ul* ^ til^ d>A ^ •u^^ a ) ^Ua .ajI^JI 

AjIaC. 2>a IjA (_5^ .d3^ (^Iauj 2)-° L£*^J 'ji-Wul ^ Uilj L^-jJal J ^AjjLoi^y^ (_^>a Ajc. jjJa^All 

2)1 (JIaI^V I .Aiiai A jUg "ill 42 )^-aJ Ia (Jkl 4A3\Ja aJL^. ^11 (Jj-fcaJ ^_5^- -^yP A ja Vi 

p = cxpB_A ' C/fer . ^ 
i ^- 1 ^1- 3 ^A ]^ (jl **" ! aJjI*_a]\j ^JaxA (^-^1 A-SUa (_^jJjaa jkkj (J^-aII 3 a >J 

yiJI <-oj5 ^ jjjxjII (^.^y J j-^ (^-^y ,aUaj1l a-iit ^jj j (.yill JaxaII j) .Boltzmann 

# (Jl^Vl (Vl21 A_iAj^jl^k ^lyic.1 (j^A^ (J^IAaII j)A ^jkll l^J (JIIa^I # S_j 1^)^J1 T L^j^- 3 kT J y ^ ^-^1 

^lj j\un (j^bt^jl j)l ^3c- <^3 c** l.W'i (__5^1 A jar j j J-a \ 1 A_aIa*J 1 ^ic. SAiLaa S.^I^aII 2jA^-^ (j) 

Idl # ^jJalj ^jj-all ^aliill ^tViaII (^^dc. jpyi Aj ^431 (J^xa jl A_iuij 2)1.1 a^jjjj ^g Iaj 2> a J Ai^l^dl Ajl^pJl 

2 j 1 jV? a_ia^j Ac.^) jaij J^A ^,'A^aII 2 j*^-a ]1 ~p.yp pp 4 2P*-^' ^5 ^° a 3 ^ cJ- 3 -® *^a^ 43^ A_xuij Vul£ 

AjjjUI l_u£ 1 J^lj A x^i^A ' ia\ 1 o^jl^)Vl A^^jJ ^3 ja!^ AillxJl o^)l^)Vl ^3 C t n^^jjll 2)1-3 4 g-l xd) i ^Iaa 

< (jUa\l p-l^^Jl ^_^3 Ia£ 25^1 *^A-J^3l ^a AjjUaJj a c. <aViAj g> )ij < s\l 


.AJjVl AJUil ^3 . 1 



# £jHj j £gJjl aJL^. AjllOl A_ixjJa^ll 1.1c. Laj3 l Opl A_IL^. ^ b b] .2 

A jllOl Aja x>ajL) iJjJaSVi <1UJ1 ^ixl^ajl A_L-a ^Jn 'i # 3 

^jj^]j] 1 (Jj^J bjLa iAs^ j^-nQI .4 

si^yi .5 

0 .IJ. 1 OI j A_ill^Jl CllLixjJa ^11 ^aJ3 (j±i — A J\ 

* 

l** ^ ^ 1 Vi aJL^. aJIOI oLa I i] 4 \ 

AjllOl A_i*. jJa ^]\j cilb 1.1c. La ^jl£j 

/o.lJ.lOl A_ItO! ^gA AjIL^JI (3 a Qj C(JjJaaVi A_ILOl£ gJUJl ^xJajjjjl A_,a j 3 ^Jaxj t(JjJa9l 2 ^ >.jVi Clljl^ b] # 3 

0 (j -0 (_£«^]1 t _gJ^J J “^ lC ' ^*^ C ' 1-1A .*P Q^^Vb ^LiJl A_ia_iJa^]l 4 (JjJaal l" Up (_£ b b] # 4 

A_IlO! dLa < Sj-^jl (j-o j& bjj f.^xl: (J-a^j V <> Ix-^jl 2 >a (Jsl ^A b] £-a A_Ol$JJ l^gll 

.$^15 

.Via 11 .1.1c. ^0^ luua-xa ^jj^]j] 1 (Jj^. ^3 3T (J^*-a # 5 

(JjXjaLlll ^aljl jl^-ljl jl (3^“ *1__^J 

A_Il_^. (JjJaal * L_ll ^Ol g-lLaC.il .() 

JjVl J-uaaSfl 


4 Vjl (_jia^)^Jlj Vjl Jj-aaJl Q’ryi (j* ^ 3 ^ Lp <OWc. ( 3 j^ (JjJaSVl Cl±^» 2 l ^Qa j 
oAl^. L-iajl Vjl (j^a^)^Jl cVqQl ( 3 ^ L_ 4 j-aq^j A -^IQl (jj^ ( 3^3 cJj-^ _ 3 l £jV 6 -li^. Jj-aaJl A^J^Ia 

LiK 2)-a A_a_iLa]l c. t Uxi^’i l.l^Aj lj±l (3^ii]l ^ JjVl Jx>aaVl ClL^-ill 4 *oJjJjaLA]l djUl^jll ^3 V AjV 

l^_La ( 3 ^ 11 C 5 ^^J 11 (^>^1 J^-l ^.1 ^ 1 jj ,O^C.lj ^^^1 Q.V^a 11 ^)l n~sl ^aJJ tOjLa'N ( 3 ^ 

A >jVill Cujl£ 1 jj # (_jia^)*Jl ^-a*Jl i^a j)\x ‘n (.** \-\\W ^1^11 ^^IlulaII ^Lii^V gj-aL^-a L^_jLj 

jULkyi JiLaj ^.1 diaJl 4_aj^)Jaj Ljj] ^Lla jq^^a JljiV Aqilxxill ,Vqa 11 ^a ( 3^1 ( 3 . 3 ^■‘ 1 ^ ^^Ijj 

# J^.lj5jl ^aJJ IaaIc. 4 J jVl CljbljjVl j 

jLtJj l^_J^V 1 -V^a 11 ^aJJ ^jLjj^l ( 3 ^^ (JjL^ ^3 i^L^Jl g.^}ljC.yJ 4_^_jLjLa 1 ^. A_iLa*Jl oAA 

(JjJaSl ^A\Ja]l ^ 3 j^-ula ]1 >>" iKj bj Ajjlj o^L^j UJ^J^ ^ Vjl ( 3 *-^V 1 l<a nji ^ 5 ^ ^)Iai]l 

^j^la 2 )^ AaJoJ^-all Q.V^a 11 A-aj3 1 j-xxj 1 lg‘bj3 j \ j ^l^.j Vjl iJx>i3Vl ^3 o^)l'rk < a o^3j!La <SL^. ^Jx>a3l L-iajl 

(JjJaSVl > >" ^ ^Li-a^^jl^k Jx>a3l j (Jx>a3 > ' lLu^j ^SC. tilliA (3^- (_^ ^^aill ^_fl3jJJ Ajl 1c. j 

gALaC.y o^^.lj J^l <L-a j l^J o^SC. <3S jL ^ia^j (_^1 j OR La La -s. .a ^JajJallj cJjV^ 

( 3 ^-uJ^L ^IaLVI ^ali3 Jx>a3Vl o^i %3 ^aJ bj 4_aj^)Ja]l 6 ^_J ( 3 S ^gJ] <L-a j tdlg-L^. l^-La (^^1 (3-^a3l 

4 ,^a 11 ^jl^3 i^ja 2 OR LaLa^/a (jLaxlLxiaL Aij^Iall oLa c. t llLa’i’i # Aj^)^] 1 ^gJl 

JSV 1 .V^a 11 xxiCj) ill ^aJJ ^al (_J^ ^JjL^^yi A ^ iLa^lL ^j 3 bl ^ j’iL .^a^j (_^^V 1 ^^Ll^jl ^g^a-uaJ 

^Ij^l ^ajuj j3^ (jV (j^L^- 3 (j^ *>. 3 >J (^5-^J Clj I ^]j ^gllll ^iaJl Cujl£ bl ^iaJilL ^^jUall ^aj-uJ A ,g \-\.W ^3 o^C-lj 

'bj^il ^gJl ( 3 j*^^Ml ( 3 - ax - 3j - u ^ (LaLa‘S < a\l^ 

(_ j-a f* ^gJj L_U^)3j f* ^jl >>" f AjjLi^)Vl A qjLa j\\ ^a-uiJj to^C-lj ^J^Vl .V^a 11 31 ^jV ^a. W'Lxij ^^Li^)Vl C1 l^-21 

(_^L11 ^LiuJl bA ^_^3 AJalxxi^j j/ia a g ^AjiUH o.V^a 11 ^]1 -LiljVl aJL^JI 2)-° 4-llA^jl AiK g 2)1 > >" ? hj g 


^gjj A jll*s.il Q.V^a 11 2>-Q ^.u^aj AjIjVI AaKH 2j <Q '^‘ 1 *11 .o-l^^ll 20 J 2 k 3 ^yia.i j Ig "i/a (3^ (JjjI^VI 3^C. 2)J?^3 xa1 

cijl^jjxiLa ’]^j g LiK t c. 11 aJU. a4j^^ aJIOI 2 ^ 2^. U ^J 2jJ' q '^' 1 a ^aj^ll f f a qjLa^]l 2 jI > ^1 aJL^. 

C‘ n*s ? P z= g+h U^ La'sylj A* O 0 .A* O 0 cJ^-^ Lalxi J>1 ^_gA (^jVl Jx>a3Vl A_La^Ol^k t AjjQjj OuLa 

^gjj C-JjlLa.ail Cll3^]l Jj.aVi ? ]^[ j A jll^.11 bMx 11 A4j^^ ft.V4a.ll 2)-^ l_jIaL 11 c-jjilLaAll distil ^jjjbLa g 2)1 

CliS^ll A^allxj o^C.Lai^)]j .Jkll (_gJj A4j^^ o»V4a..ll 2 y* ^jIaLU ^^u-uia] 1 CliS^ll 2j.. 1<Q '^' 1 ? f l^A 4 A jll.^ll o-V^a 11 2)-® c3^^ 

# l AlLaj3j dljlj 2)_3^ >> " V'V gJ^C. 2)^ c_jIaL 11 L_l jlLa/all 


:^ji diau A-iajjIjI JJafll 



<L^. jlii-a l^Jl ^jjjLujI &*^ c ' (J-^aal jLjcI .2 

^ J J ^ JL) . 3 
i^Ull (Ja*j ciujj cJ^ .4 


aJlll J (Jj > x tL)J 4 q.u^Tj A Jaj'qj ^j\ ^ ^A 1 jj Q 


(Jjj-ajcJl 4_i 1^ J.l^j 4_Il-aJl aAA ti2jJa3l ^j^JI 1.3 A (Jj 3 Hj ljjl O 

r.-i> 

dujj Jiac. 

# 2 (_5^j ciilj l^C- 1^3 4 ill ^^3 ^jj£I ^C. .1^. jjV ji (Jj-»-a j\\ Ijj # 5 



STEP 1 



STEP 2 


STEP 3 


STEP 4 


tAjSf) .3 ^»j 

A* ^pOj'j^ 

iaj (J^ uilaJ 
_<J jSM .Vq» 1 ' <_La^ 1 

-( _j£-<iJ La <J£I *f = g + h JA\ oi& (JiLa J^S-a ^Ac- oSsc- Jail]! _ 2 

<4lij l-ic. La L _JjJa3l ^ jVl (j-° j CllS^jJ fijic- _] ■ *a3l |j| _ 3 



_A_l] jV! oS&x 1' i^yct 3^ J 3 * J t: 3 l Jlalal 3^ J ^ (j- 0 3 L ' 33^ .4 

4aJ I jjIaI! LlkaJVl 

i( _^J3L3l 3^11 a Jac - 1 d *GalS 34 JI a* a_lg 3 ^ 3 ^ d 3 ^ ^j-^3 h ^aU ^33 ( _ s ^ 33 ^ *h 31 

AND-OR 

* l** u">> 3^3331 ^ ^ 33-k 31 I A 

-» ■ V ' 3^3331 aJ3j 33I ^33ijl 33^ 3)3—31} • 

-» ■ ^iVI 3^3331 a3& 3=^ l&Axj ^ • 

A_ljl33 3 j 3 (j'i ^ ' v>. \ 34JI j'i >» * 3 i”*}-". jlri.VI L-llc-l 33*^3^ 3i& (_j3Jajj 

A 3 ^ V J, j 3)33} j 4 S^jliLikil ( _^lc. ^jil3l Zappa <413^)9 c_a^3 ^3x31 Cjj^I 131 3333 3jj 1 • 

(2.2.1 

jl _£t-a.l3l qa A A . . M • 

_i3Ua 3 >f oijsl j " Zappa 3ljlji »j3!j3 4 _i3 & " j!3J • 


STEP 1 



STEP 2 

6 

STEP 3 

6 

STEP 4 

6 




AS fgures indicate "cost of move 



AND-OR^“-« .4 f*-. j 


S.vjxil jUJI (JjS A_aiL^a 2j^-i (jl i t v^.j 33ffcjl (j-o ^)!i£l jl &*^lj (jl J\ o^jLuj^U (jLaxluil ^a4 * eJa^V^ 

(Jj3*4]1 Q^~ 1X ) o3C. lii£ (J^aaMioj 1 JjVl t AND“OR ^al3Vixxi\j (J j)Nll 3lauV . <Jj-aVl 

.AND (J-^W- 3 ^ KM 1 ^ Ac. J? <Q > <Q A •>ll» d 

AO* 

o.via 11 JaJaVdl C-Aj j 

(JfiLl jl ^ (jVi 3aJ H (_£3ll ^Idl (JjJ^lall IxjIIa ^jLlill ^a-uJ^)]! ^JC-j .2 

.Ajj^ll 2> A (_)5L] ’fiaiis dl.i 1.1c. La c. Uxi^j A *ajqll Clue. 13A Aj^j IaJ ^jju] <_£ o Iclj IAjlIxjjj 3<j» 11 o3A LaVi!] .3 

c* iN l^jL s.vj*.ll ^>Cuj^j 0=f .4 

.^aUJl 3 j] jlilL 1 *jjjj (jx/satl Inh A3 jlLdl 'c>Mx \\ ? f A_aj3 jjc. .5 
.Clii^. l^ul (Jj-aVl S3iixJl C^a. l^ll S3.W<a a3lttfcjl lilj i^JA’i^'Q 13A C* n*s o3c.lj J^Ial! (J^sCluil 

.2 2) -0 o3lxj dl3 13c. Lq tL-flSjj tdnxJl 2)-° 0 hcl Ia^j^I jl C^a Aj 134^ e3ac. Icj .2 

CjLlgJ _ JjLujj JjWI 

bUi j A_iia jjaUuVI ^£4 A-iadL 2 la ’ u ^ * 
LaAic. xAyi (J£U!1 a] 1 ^ij c^2) tdlc c*jj Vjl a K x*i^jl a_iulu^) ^jl 2 ^Aj UiU i * j 13A • 

•g4 W^' <*-a ?4 

.(Jjbjoj^ll CliUl^j JJal 3 lAnl ^lilix^l $.l£dl ^3 JjVl 0<aUjjj)! ^jl£ ^jjjj • 

ccljVqMl j JjLoj jll ciiLl^j JJai lg N1 w"ui.ij cu^solver A-^ciLo a .K t^ ^).mj ^V1 (J^^ll • 

.C5>V 1 


*6^)9 Jj-o JJ^l CuUl^)^! V jl L (Jj-L-ajll ^5^- . 1 

.jUiVl (J4J Clilivllkyi j L_flC^Jl aJU. tAjll^ll AuxjJa j\\ c. o 
.i <aj,^ S\1 (J-gI u^jxai L L_a!>lllkyi (JaxIuu o 

.A,ill*^Jl A_i*_Ca^jl C^uj ^1 j2aVl (JaxIuU o 

.(Jjo 3 tdlc Ice. Lq l^dc o ) y ^ » "i l J lei .2 

(jjAil JjiaJ) Jj|)l fUaj 

.Cjdll Ax. j < q'N. < q U A Kludl • 

.^j!ox]l Ciai^Jl (_^1 2)^ ^ Og 11 ^gJj AiLuidl 2g^aCk (_>«4 C^cL2^)Vl Jala^-A]l (Jl^axluil • 

.^bi-llj ^1 ^J^la ]^j)o Vi tA-uLu ^aj-uj _j c^aXu-aJ A_i£2ua ;A jVq'ill oCA aJ!Lo1 • 

:V0 j'j 44' 

;o^)9jl^Jl Cjj^Jl 3^. . \ 

.(Jd£ll (J^Jl 2^* ^ W ^.Li2Vl (J^ ^iigj o 

• Ax!^ 2 j£j A 'S.I'S.x^l aj3 l^J Cn/1t/V^ ^U4VI JS ^ JJ^ O 

.^a-uidl ^3al (_^1 Ax ^Uailuidl ^33 ^C.Cj \. < qxai'N 2^! * 

^3 d^blu ^Illl ^LiCiVl ^4^4 ^a3 Aq.ilxxill Ax ^A^-dl 2 'f- A_aliVo 3 jdl Ax lil • 

.3jdl o3A 



jE. 3^^ 3A3^ t — ^^jAj <_3 C A^ LS^ ^ C_flLou£l ^aJ Ijl t 2 
( Sj JE ^JjolMl ^jJaSLliil Jjsll A^j) C_flLou£l ^aJ Ijl .3 


VA-a^-a Jjjial j^Jl a litaJ 


-( _ s £.Lllaa-saVl dlLuaj iJja ^J^xll A_bojLaAI S-iC-lHI J'~ ' » j <9^}X_3 Jjj ■ft*' 3^Au J - " ' ^ J 


^C-lljS]! 3 _y ^ (_£^ A jj* 3' - " '. -v^' tj^A 3 ^1 ■ >■ A Clll^jjojj-a AjLjJaJ J^jjoj ^aliia-u 

Ai j3«-jjl Jj 1 «j 

_ciiiji^_i]i i 3 jL-u j (Jalaj j jjgJi a-iajaj t(A*) 3 jVi 3 • -~~‘^ ' ■ " ' ^ 3 ' — 


JJjlall ^Uuli mV! 

_Aj|JI s-Ljaj jjiaj Vjl (j^ajtcJI tVjl ( ''~'^.i — 

,Aj£JI a-Ljajj (A*) 3j^ JaAaaVl C')^.; — 

JaJaault 

_ciAjl$j]l iJjL^j ‘AO* ‘(A*) JjVi JjJaaS/l ‘A~yi — 

£.Lja^) — 

.djUl^jJl (JjLojj (Jjl Vi 4.1a|jl e-L-ia^) — 


^IxSl (JjaaJ) 

c-Lja^) — 

Vl^' 

c-L-iaj 31s l ** \-\\W 4 Vji 4^J^ — 

</V! u^V' 

(_3^)3a]l )aj)aVl (J-axlujl ClAjl^-ill (JjLlujj *^ 4)^ c-Ljaj I 


Prolog A*3 ^MVuaiIj ^c-UixuaVI flSil) Va^ajj 

A-^>a^)j ClAnVi (j-^J AjlII ( 33^-Vl (JjA^Will .pro log ^C-l^Laj-aV^ A-^-<a^)J CIjLiujLujI (Jj-aall l^A ^^3 ^‘oaai 

^x^x^vi prolog s- 5 ^ c^j-i <jlxiujVi 4AJ!LaVi ^Uac-V c t u^ tVilliill J ^ ^.vi’uAi prolog 
.OProlog ^g^liliA^VI a^g^jj a a^IvU <liLoV^ (j-o g-lJac. j ^Lluj c. ^ 

1 ^. CIiUlI ^jc. <jj^)C. Ai^J Prolog *^a 

<\W J ^al£ll Ja^Jl (Jj-aall l^A c-UaC-U lj] ^<*-111 oAA 3*-^^ ^C-l'ilaA^Vi ^jjj^I^] 

# Vaaj^)Laa]1 ^1 C- (J 

^^C-UiouaVi f ISill Va-ajj 

JUJ1 ^A Ua^ 4(Jl-^ AjI # Va-Aa^)J <*J (J» 4 io \a\\ C‘ 4 ^^C-lllaj-aV 1 

CllUtlllj 4 (J^_aaj J*Sa^i ^ca^jj ^^C-lllaj-aV^ (J» Vi tilliA iAj&gA Aa-ajJ ( xJa 

^.ISaSI ^j-ajL-aV ^j-o ill Ac.^)jaiJ ^)j^a! 1 lj] Oj^Aa 1^ o # L_lxj-al 3-°V^ ij» Vi C5-^^ 

^Ailll jliiVl (i _ 5 Ac. ^^c.l'ilaA^Vi 



Ajp^UalmVI 

A_^a^)J L_iic.V ft-liLa A_iujLujVi ^j-<a Ciilj)LA.ll J!ia ^caI^j]! A xxi.ViA dlLijflj ^m'lV 

— (Ja^M ^Ac- AJ ^ j^AJ c-Laj ^^C-lllaj-aV I ^caL^) A_IaI£ Cllix-al^A ^.UaC-l <_j£aj V 1 

LaAx Ill .A-X^lWuxil (^^xlilaj-aVi Aj^a^j ^)jj!lx 'i .Ajti^jl Aj3 Iaj (J£Lxaa] 1 <*_nJa Vi V Ljl <»" G's 

C* Uxnl dIa # l_i jILaII ."nq'nl oAi^Jl (J^Jl li^liojl (. Qxxn^'i j 4 (J\.-n.a 11 j A KxxiaII Axxla c. qlxxA’uxiV ^j«_uij 0 aL_jj 

^c-ii ^dll A_i^jl c. t ilL'n b3jj j'c. .Ia'xV 1 ^ilaluij V LjV -Laa coAi^JI ^caI^JI A xxi.ViA Clibiaj 6 

^ja A_x ylAVuxil l_u]LujV1 

L_fll_L-£ai Aal^ (J^A AJlIII ^gAc. ;^jAxXn AjC-vLlalLuiV 1 C 5 ^^J ^Ua3 / Aj^a^j A_xl Clll^iA 

>(J J^lij J^n o^)j* x^> ^LxjiSl Aj^^j (jj^y’rSj (j! ^jj^ca^ja]! (jl c." n*s, — A-ilc-lij ClalliJj $(J£Laa]1 


ijC> \ Ila^VI f l£ 

J2\\ djl jaaII aJ IaAvI£ .Prologj Lisp is**^ ls^ ^^I'lLx^Vi *\£ill a_iuuj ^)11 a_^a^)J 1 dilx! ^jj 

(jllxlll USlS .Ajc.^llVuxiV I j Aj^jlLa cA_Ajla]l A ,^dla a! ^c. j]l (J!ia 4^x1 iLx^V I $.l£l]l A^a^j] AxaLa ^)l^xj 

JUxIojVI ^Aa ^.wiaII ciAjV^ ^^a Lisp ^(jLLillj Lj.jj^ L-a Prolog - (JL^xiujVi 

J^n (JaxIula dilxlll <_ja jjll Ha j ^c.l"iLx^y 1 $.l£l]l ClilAnLj] Prolog <*lli jLil^y *>. Uxxi t^ji^A! <_jAxJa 

Lajj dlll£ /o.vi* aj ClaULoi^A A Lil CVn^x tAj^ill ^h'Ai ^ l^y^.lc. o^j Ia'ijj to^n^Al ^hi'l ^ 

^!l£l ajJ (JIaxjjojV La a LjL a_^AL«_a] a >l^ t i C5^ Aj^^II ^Aaill IVil^.^A ^jl 

.^1 Pascal j' C, C++, Visual C +*J1I Jia 

L_flj^lxj ^Ac- o.VnxxiAj ClalnxxiA-N.H jl ^3 Cla^^la cA A_^-a^)L 1 ,W^ ^y’ic.‘ \ ^jl Lisp A*A 

(JlAxlLuiVi Aj^»a^)J A_iA Lisp C5^ c ^jjjLla A^A^ill ^A j-x-al (Jj3 ^_ja x^’uxil S^)Aaj .A_iiia j\\ 

A x xl‘l t^A_llIaj djULnll ^CaI^Jj L_u£l^yiil ^^-ujLajVi lg Wia’i^ A_Ajlill AjJll ^AxiL-oj 1 6.^)4 A J aAj3j 

djlxlll c_a!>Lk ^Ac. ^ # a_ajIb a_^AI*_a Acjll A_iii^Al a_^AI*JA c. Vil,3^^]l ^a L_u£!^yij ^_ja a_*_uj!j 

IUUxI S.ii4a a_uj^Iaa]1 ^ &j^)£a Ajl L^)laj (Ja"i^a cilia — (J^xj ^a diLLj^jl tA jalx^H a j^jAi j\\ 

0a1^)L1 Jua'A ^ajl (Jl_Axllxjjj < ^^ly’l J sl J<; XX) JJ cIaIaJ ^Allaj CfA^ ^LtA]l (jLaxluiV (Ja'i^wA Ia I j ft 

a_^AIxa Liajl ^jI ^a-uij .djLljjJl j pro log ^)j* ^La ^jl <.** tAA xxij a_x!11 ^^ja^a a_jL£j ^a-aj 

A_j^lL<A A_Xuii]lj c-^U^ ( ^^C.1 iLx^VI ^.l£j]l A_3 ^)xa 1 a'i ^11'^^) Ajjg xxi^ ft.^ar aH i > > n^l^J 

.AajLII L_u£l^yi SI^L^a] AJ J)g xxl ) Ajj'i^A Jjij (j! JalAjVlj 


ls^ ‘ .(Prolog = PROgramming in LOGic) ^ iiZL±» 2 ^J Prolog jJ' 

# ALuia]I L-ilxxiTwJl ^ ClaLLnll A_jL£ 1 A,g y.xxiAj A,L Uxiji Prolog A_jL£ # aLui^] 1 L-alxxi^l ft.VnxxiA 

ajJ aIjILlaII a_J 1 j vill d_s\ jjl j L_ii£l^yij a_iauLa 1 Ai^jxA Lj^I ^.u^>I cIli^.^ pro log 0 ^L^)j a_jL£ Aic. 


Aj^a^)j a_*J ^1 ^a Ia£ ^L'iaII ^a ciaLLij^ ^cAlj^jl < xa (Ja\x4)^ (_jc. c-sajAll (Jx>»aVl ^ja (^Prolog 

AJlL ^caIj^j A_jL^ Ale. ^ClaLLnll l_u£1^j ^,'ia a L^a t ^caL^)L1 ^_ja l_j j)1La!1 ^aLa LaIaj ^xj (jl c. t vn.j AjI^II ^a 

liijja < xa ; A_j^Lj]l CjLj! j ^L'iaII ^ja >>" iVixxii a_^a^)j a_x! c Prolog 

t C** \“\\W A_1^JjIj!La 1 ft.ll2k 4 AalAJ^l A^iILaI (6£ j3 L_li£ljJ 4 1^. A_}^)A l^jLLlJ L_li^ljJ ^jl A-LaJJ^I 


Prolog AjL CjLlujLujI 

^ jj Aj.wM ft^)J^)jJa tilliA (JJjL ^_JA Ax. JA-N.A J ^JA Ax JA-N.A (JaLj prOlOg 0-°L^)J 

# ^C-1 ^jiax j L^a # ClalxAll ^ Ia£ 0A\j^)i]l A ng'i jl ^LAlj^)i]l A_j!Aj ^a CIjI^jxIaII 


lectures (alison, ai) . 
lectures (j ohn A databases), 
female (alison) . 


: prolog t#i l>^ 



[Oh, OK, that was last year..] 


age (alison, 29) . 

of f ice (alison, sl34). 

animal (lion) . 

animal (sparrow) . 

has feathers ( sparrow) . 


)J Jt 





e-Lajaij/l ((^lijl (dll^jjJaL^-all ijiLa )41lj jl) '' ■ ■ ^ ^jojI • 

.s 134j ‘alison , ai 3 jl • 


Ubdl 


y Wan (jl L2kJ ^4 V. . .'V ' J (3c. I j£JI) jjjli^JI dlij 4 tdtl 1 

: prolog ■^IjS c>a*j 


bird (X) : - 

animal (X) , 
has_feathers (X) . 

grandparent (X, Y) :- 
parent (X, Z ) , 
parent ( Z , Y) . 


oljl " ^ \x .id ijij (jl (j£jaj M (" Laiu (" |jj aljl " ^ \x i ’ prolog (jl 3 (jl (j^.a.a L& 

(jL (J jii 4jjlil]l a3cUI Lajjj (" (J%J aAic- Xj (jl X IJ jda X " (jb J j3J (^JjVl S^c-lsj U ,”j ‘ oUtII 
il jmia (X,Y Jia) (J> hb jwlJI jji ." Jl J Y,Z J Jlj Z,X IJ V Y,X " 

da]l jpi (_>*J ( JLla]l jy ■ ■ - 4 vuVaMl 4_^a^)j]l dliJ (^3 AiL^jUl ^dlxj dl^)4xlLail dlL 4 h ^ t, ^ j 

(j) 4 aja-a jLucj/l (jJ£3J U^l ‘lil , jiaju 'Ob l3c La a_ a^)ij Iyjj j/ (jl <■ . 'yj duLi (jl I j£iaj (jl 

. l-^i WjV jjt 'djl j4id« ^ (Scotland, Edinburgh) 

t Jlilall (Jj w,i ^^ic. ,( 3 c.l jJI j (j~'i«-».'i 4 ij; ^ (jl axj) Prolog d ''“’i (jdj-ajj prolog g-ob^w 

‘jjLoij (ji (j<;^ i dui 


?- lectures (alison, ai) . 

*^ic. _l ■ j (j^j 4 V' . ,V ' jpa 4EaLoj IjjJLaJ 111 j_ n ^aJtj " L_ll ^Jl ^ ]a* j ptologj 

?- lectures (alison, ai) . 
yes 

?- lectures (alison, databases), 
no 


_|JI Jjoill (^it 4 jLi.jIll (i prolog La. Vic- ( 4 m /a ^j 3 (^Ic 3 ‘ J (_jJI ‘ d iljlila (^Ic (_£ jlaJ (jl (jJZ 4 It,. VI 

J* ■aadoi (j^l IJ _4jduj/l dlljAxlall ^jLlj jaj3 i _yajxJu^i Prolog 


?- lectures (alison. Course) . 
Course = ai 


‘(JiLa ((^^j^l Aia^jIaJ jjljjoiil j)Ld (jl (jJba (j^l 


?- lectures (Someone, ai) . 


Someone = alison 



-b ^ Ll 0 (jl (j^AJ dl^jjjtAA Ia ■'■' j ^jl Ia^.^1 j 

;JI>JU 111a ^jjJaL^J ^ja 1 c -'tf j (jl (j^AJ L>^ 


?- lectures (Someone, Something) . 

Someone = alison 
Something = ai ; 

Someone = john 
Something = databases ; 


111 (j! (j^AJ t Prolog ls^ ^ja ^ J^\ <C- ja^aII <C.L±Ia AxJ A_la i r-1 daJ 

dj^AJ ilS^ A^jl (J ■'■' ^ a^C-l j 3 J aIjUL^. (Jfb Prolog .^IaH^a ^jj^alic. J\ dllj& 

^ jjaj£ d)C. (JIIaS 4jl ( _^Ic. '•& J “‘ a df a L5^ jVI J 1 ’ ■ -'h ■ tv ' 4 -v y\ AIIxaII dll ^)ixllAil h. ' ^j| 

(JIjjaII tJLalj Ujlj (jiagjij ( Jc.1 (d* 




?- bird (B) . 


;SaE.lall 


j (JjjliiJI LjAic. (jd J 


animal (lion) . 

animal (sparrow) . 

has feathers ( sparrow) . 

bird (X) : - 

animal (X) , 
has feathers (X) . 


: ^lill Lr^cr“ Prolog 


dill uxjj animal(B) ‘Vjl <> h.d ^ 


B = sparrow. 

‘(bird(X)) ?d.Ull pJj ^a bird(B) Prolog ^-Lw uJ& 
: jl Jjall d^Aj t JU 2 J Jc. .Qlion J) B ^JIaj J jiL* uj& j' 0^4 Animal(B) ,has_feathers(B) 
B = sparrow. t> J j^j £?■' j&h Prolog 5 ^ jj ^ A .^=^> j-A has_feathers(lion) 

jmjj I. 3 A j 




Prolog dUlk^aA 


.prolog ^ jj ^ j _?=^' ^ sp j^' '» cs^> Iua 

^Lutf! LjULuI) (_u£) JJ J 

^c.1 jill (jl*j .LajIj Aj'qjq^ 3^ 31!! ^LiuiVt 3^^ (jlsu j ^c.1 j4!^j (JaIij prolog 23^3 ^ lilj 

(Jj±ioj L5 ^ c " .(* >XAl > J CA* 0 ^ liA A (_5^^ ^.LiioiVl 

c^l£ lil ^ o-i jJ! uj^ .b(X), c(X)" ^ j vv a(X) M j W vv a(X) :- b(X), c(X)." 

^jl jl /j .(( aJaL ^ UJ^ *^c. (J-alcLi 3^ 3 i^JiljAVi 

lectures/2 4(J11 a]I 3 ° ^l^c.1 aJ 33^ jl^ dils^ylxll 

3 ^^^^ ^ 3 j i lectures -J a j‘il'nll A3^>UJ1 3 ^ 



lectures (alison, ai) , tt lectures(phil, databases), and lectures (gilbert, hci) . 


(jjliaJI alx_^x (_£al! laJJ^dl ^}lxlLa]! g* «ai x 3' j) Q© ^.^©uj! 111 LajS t- a! ++ + I ©AxiLCi alioA! 

(^lili ©I 4 aajj pro log a ©aa Ul)S aJiuAl j at! jgjl j 
Prolog jjjIxjI! .©Prolog ©xUA/l CjUIxI! l_u£Ijj act ja jn+ill 

laii .?'©?■' J! J^aii 4' ©Ski V © Iajaz- “tu*-* saj i.j CjUIS ©iii «a& .- , x, 'Alison Cawsey', al02, JS« 
j ©iLa) ©^a© . ^a la! I jLaxI l ujj ©! L©ajl ©klaa ©©-“©1! ©Si r, j y , l_aj© 2 *j s©x Ciljal! 

.calja j L©3jl i - ‘cilia ( _^lc. ©) ©©-a©]! 

: a!acV! 

.2- ‘3000 ‘1.2 ‘29 J- 

;Cil jailall 

._ ©*©j 'ai jl ©xS c-a©^. <*© li! iajj Ci! ©iild! .X, Person, _Var JSa 

;4 alajJdl ^LuaVI 

;©la 

book(title(lord_of_the_rings), author(tolkien)) 
bicycle(owner( alison), parts(gears(number(18), type(shimano)))) 

lx. Ci © aSj © aa 0^»xJ! c t ( axl©a bicycle ‘sa^aS book ‘- ;d2a ( _^it ©) j . A v. ©a . Wn ^ A 

.prolog ©aaCi <©' 

©! ©klaa clla axj .+ j * j^jLxiJ! © © fill ©© ©iLa .©j^CLi ©© ©! iS ©Lc ai prolog ‘-a i!©©!; a Ij 
©k] 4-|-(t, ©) ©iLa a l_Li£©j j! j ■ l . tt ©! ©£JaJ ©^j .3+1 ©iLa prolog -la ©©f ©aSdli ©©LaJtllxJ 

prolog alkxo ^ £© I .ajjaj ©j^j ^JUs ©) a ii! ..i^ll ©jAxlil! dli ©lx. a© (Jc- .3+1 l$xlj£ jj~~+ ; ©gxA! ©^s 

[ .Jliiall ©aax ^ c"is " 

ai!iUj a A y j S’ © ■ ' ax. ^ © ©^. CiLo ©I*-al! ^j>»*© ©^l£ ©ii Ua©! !a! SajLa &^lx! Sa©! ©1! ©iLa oaq» ^1! L_uS!©i]! 
all jl t aix ^ jjjiu «.! j^.1 Jl ©©a jlli ©I ©k^a ©^-i , Jlld! ©axoi c^.!©^yi ©>i ©a*J! al - ■ ■ ^ j! 

Prolog ^y 0 ^©^ laaic. ©IS la! t ( l q V L^icaLla -© ■ j J . ■+ . ■■' 

book (title (lord of the rings), author (tolkien) ) . 

has famous author (Title) :- 

book (title (Title) , author (Author) ) , 
famous (Author) . 

; JU1! jlxiioA' lljalj 

?- has famous author (lord of the rings) . 


: p .lord_of_the_rings Title ? A L - 1 +ti Catlill j^i j ©^ jlxil^V! v i ji ^ jUC Prolog 

book (title (lord of the rings), author (Author )) . 
1!‘ famous (tolkien) ?. AJ p .tolkien -i -laj©a^ Author© aijLJU jaleiLi oa* 

a 'n.jVi (j! Prolog ^jl^j 

! Prolog (j-Q aMx a '\£. (j-o ^1] cJj-a jaD ^ jLojll <ajUa-«a Prolog 

.(The author) 

jl i jLuiilujV^ ^jc. cIlLJU jL-oilutV^ (^jI^I ^.Uac.1) djUiil Prolog 

prolog ( 3 ^^^ >>“ 1 nj (jl (j ^-4 ^cL>^' 



lectures(alison, Ju <_s 5' Of^ lectures(alison, Course) Ju CLS luij 

s^ia-aJI uLua. jiSI aJj-oI lUlj oilc-l ^ .Course=ai J-U 4 ?jjj Jl V jj^ j ai) 

^ • U T H 1 ^ L 1 > 1 ^ "> Q \\ l-' ^ 

book (title (Name) , author (Author) ) 

‘J S^jiaLla 

book (title (lord of the rings), author (tolkien) ) 




,U*JI 


Name = lord of the rings 
Author = tolkien 


; jxyii (jj^j tLaLaj u IS-^A Prolog (_£jL?u 


?- 1+2 = 3 
no 


Jjl <J!La - " ' 'j 1 ' ■ -1" ■ - N ' 4 rl 4 q U.H j + + \ t jSJaJ 41.1 U.^ '' ^ ~13M " =" prolog I U O^jj 

[ .^1 

;4 aVi+ ^ l _ \ f \ ' j'i jljmglj jjl i-Ua. 4_i]U]l jjjlxjll ( _yU jj 


?- X + 2 = 3 * Y. 
no 


;g '.k jdl C-U 2 k 4_ilU]l « jl 7 - -all aJJ i l -A ;; 


?- X+Y = 1+2. 
X = 1 
Y = 2 


?- 1+Y = X + 3. 

X = 1 
Y = 3 

. 0^1 ^Ul! Jliail ^ LaS <, SlgL^-ail ^IS ^3 Clll^^iiSa d)U& (jl '4 U ^ N 1 

t+dlUa-a JJE- 4liLal IS 


?- lectures (X, ai) = lectures (alison, Y) . 

X = alison 

Y = ai 

?- book (title (X) , author(Y)) = book(Z, author (tolkien) ) . 
Z = title (X) 

Y = tolkien 


Z = title( 0) jUailaaVI (jJc C j !>Ula jiiSI US j * ?yr U ^Jc. cl)^ prolog ^ t+iULil ^i) 

( _a!)lc.l l - ' U r, I jj^UxJI J) 4jalS-a oi& _4 , + )l 4 1+1 dt 4jljiila prolog Laiu «aild X = 0 

-A 4jc.^)i)l CjUjI J jL^j US i (JjoiLiilU ^ jjjSSJj ^ jS^iu o-ilc. prolog 4 £+ia]U 

t jS-aJ 4_lic- 4 Q i U .11 j 1 -Yn^ 4_fljl kail j 1 1 jk_ J j . ^>^(1 o^ixlLall ^)a-saU*JI tJLaJtU-uV ^Ua. j 


?- X+Y 


1+5, X=Y . 



no 


^3 Jla ; 1 ■ ■ j\\ ^3 Alkali 4.1^! _ji! ^jjaa^J! ^aCU'^jl . .d . ■■' aAcj ^ajgj aj! U^H l>^ ;A Ia^.^1 1J 

[ .Prolog 

‘5=1 ^1 »' j^<JI U ‘(X+Y = 1+5) J jVi ?! jU^J! ^ Jljai! 5 1 <=^<> 3—^ Yj X 

n... A_1U1! fl!jL^-ai! Aj! ^^Ic _ _J id! ls^ l5^ 

?- X+Y = 1+5, Z = X. 

Z = 1 

Y = 5 
X = 1 

?- book (author (X) ) = book (author (tolkien) ) , 
famous (X) = famous (tolkien) . 

X = tolkien 

?- X=Y, Y = alison. 

X = alison 

Y = alison 

-QT jjj*li! L jlaxj J! ^jUaA ^ la Y^! j ^y ^ Lallan. A_iic aa^jjalila aAlLa ^jjifcJ! alll^^iilal! dya (jljj! (j! 

. j y»~l' dill ^11 tiJ (Jjjliaai ^jiV! 

j^Jaili ^11/ ! CllLu^J A ^ '. +". . . d! ' ^ alii! A_aa y j\ ci. ^lc flAjlaui prolog ^ AajUaal! A_iIa*J A_aaj j! ail! ^j! 

:! yl .Vu.t, ' 0*1 in. .1 la j^jfai! IliiS ^3 til! ^}liial! Ill 4( j! . " Q ^ J AiL^jlaJ ali'glJM^)] Aliul (j^li! !1! (jlajUaJ ajUa^jjoi 

i( jHjLa^i 1 j! ^ + CT u'dt* 


4(a_i! alibis')/ j' ^ _^^a!jJ! jjAjj) di! jUailLoi^/! ^^Ic Prolog 1 . \;y.; ‘ !aa ^ u'n^ a 

(jtjJ! ^li^l! j! 1c.! J231I (jt ‘■"h'vij J! as - ^^ t>“ ‘Acljailj djlla^l! l+° Alalia Prolog £?1 jj 

j! ^i ajl! ‘ aAclgj! / A aja^l! Sacla ( _^a aI^j ( _^a a aSc al*^aj (_^^i! djl^al! dj5^+ ‘A^! j a^j LaAic _ j! ■ ■■+! ■ +1 ' j^Ual 

jllf! alLijl^aV! (jc. Ha. 1! aI^a! yA 1)^1? ioSl^. ^jac CjULUjSI ^ jV! a!^)!^^l! 

* Ajlliil! .j^iIaa!' liAic ?ju (jJajli^jj 


bird (type (sparrow) , name (steve) ) ) . 
bird (type (penguin) , name (tweety) ) ) . 
bird (type (penguin) , name (percy) ) . 


?- bird(type(penguin), name(X)). ar^j 

bill Axj _ J?j j h ^jl^ v i j a a . t ! ! j'l (j^i t^l _a v i ! Aaaa^llj V j! jl . .1! . .+1 ! a ! jlflbs aJ ^ 1 1 • Prolog 
a^jj! jlU! ^_ic Juj A. ■ a - . u ajl^ Ij! ( _^lc .twccty = X ^ v. J aA_iiliii! aIjIaH j fllgliJal! (J jL^-ua 

adlii a)^ u>=^' ^ j^i! as^! ^ . y .l all a^^J^ oja^l! / ^ ■ + ■ - y j ' ^j! ^j! aA_ii! ^Ja-sa j 

.(percy = X) a s j^-V! J jlal! jc 

;aJii-a a Ac la / a hifl. liaic ajlS !a! til] 


animal (leo) . 
animal (tweety) . 
animal (percy) . 
animal (peter) . 
has_feathers (percy) . 
has_feathers (peter) . 
tame (peter) . 



bird(X) animal (X) , has_feathers (X) . 
tame bird(X) bird(X), tame (X) . 


tJjVl eJfclill <_4 ' lIjj^jsI' itljallj Vjjj Prolog ‘ bird(Bird)j444-iV' cr^' '4 
a-y- dj'dii Prolog J =4y dill uxj . x jy*4»l' J] -^y Bird jy*44' .bird(X) bird(Bird) lS J 4 s j 
j* jj| JjJ IISa Prolog ^4 ^ j X=leo ^ animal(X) ls j 44I s-^' 
j£\ dlti (jc. del jill / (jjlUl jjt J jii ,has_feathers(leo) -y J j'-es j ‘ animal(X) 41 ii44ll 

cil^j diiri. (ja ddra. t(animal(X)) 4 J44> Jjl-es ‘?jy^' ® jly-4' J) J j*y l 4 d?y V ‘ls jlyj 

Adilii yjiy 14 .ij jl=4 V J'j U has_feathers(tweety) .animal(tweety) 4 j^vy ?. _4y j ‘4-^ 
.Bird=percy s-> ‘^y?-y aIgSL ^ jda 111 <. has_feathers(percy) 4 j4^.animal(percy) '4=Jj 

bird(X) t3^y 3 '^3 Prolog illjl^y .L* j£' a4*s cl““y t tame_bird(B) jluilu^l Lr l«- i '4 ‘u^' 

dlliy .bird(X) ijy^i s4e! Jj JjUy jl iify '4 . J141I J! tame(percy) 1-4 

4Ua q * J ,4JjU4' ^4 jy^V' Ci^Jl jl4 dills has_feathers(percy) »4 eI Jl JjVl AiyUdlL 

'4 dias_feathers(petcr) £y4y . X = peter 4?y V ‘animal(X) J! 44y '4 Ajbibii <4? jdl (jjjL 
£y4 so tamc bird(B) 411S tame(peter) .X = peter ^ yy4J' 4y >41' ^ydy j' Lpy bird(X) 

B = peter. ^ 


-1 (jS-Gj ^^41 S.i^l j ^ja jiiSI JjSj dlLiA Lg j^ge. djSl bqG prolog 4 o^tc-l JUlgII ^3 

; JULgII Jjeg ^gk. tj jL^ jl prolog 


animal (percy) . 

O, 

O 

factl 

has feathers (percy) . 

O, 

O 

f act2 

penguin (tweety) . 

O, 

O 

f act3 

penguin (peter ) . 

O, 

O 

f act4 

tame (peter) . 

O, 

O 

f act5 

bird (X) : - 

O, 

O 

rulel 

penguin (X) . 



bird (X) : - 

O, 

O 

rule2 

animal (X) , 



has feathers (X) . 



tame bird(X) :- 

O, 

O 

rule3 

bird (X) , 
tame (X) . 




V jlS jll ,B=tweety 3 ^-^J (44411 iiy4%Jlj) Vj' <_4 jV' s^c-lill 4**4-y prolog ‘bird(B) J-ui4J ^Lc.\ 
ijjj j* j Adilii ^a'j4 _ps 14 .B = peter ^-=41 4 ^j' jll a 1 i 441 j penguin(X) u? jWyj ^'j4 j' 4 

tl4 ,p = percy (4yjl4l j a ayaaJI jAxidi^j tAjjl4l j44l S^c-la ^-g yaaj '4 

^^4141 t_yAjy 1-°-* ^^-^'44' dly4J ( M a-gj11 '' (.4^ S^4 j') ” j x4di J djSiij gjU ^445 u' 


?- bird (B) . 

B = tweety ; 
B = peter ; 

B = percy ; 


no 



(3^-1 Prolog L 9 ^-flJl^ll /L V^l L_ii£ljj 4_nj # jL^luVl (jiaju H) jl (jj^ (V IS jl) IS 11a 

. ” and-or ' ' * j 


gc-aljjU AjjIj^VIj jlaili ljL^j 

Vjl — Prolog (j^ S^c-ls ^ij (jUj^la Lo^ac. c^lliA .Prolog 0-d^ ^ "i* a i ^j^qMl Ua^Jl j^A 4 J^Vili gIa 

\^_j\j PrologJ 4-jc-.ljUl ^ jill 1-1^ i. <a^ (J ^Jlj^J jLu^ jl jAIa J (jLu£ 

.Prolog s-IjauVI cIjIjjI 4jqj^ jj ViaI^a (jl C t vnj # LaLaj 4 >acj i j)Li^Vl c_ilc.l 

(jLjj ^)j^q‘ill j^Li^Vl L_iic.l ^a ^_a u^j diSj ^a LLlslj Ia£ t(J ^S xa 1^. m* a ^aU^j (_^V 4j1 

4^cA\j^)Jl o$.li£ ^1] <^oiil\j ^ jjjfLi ^ L$ ^Jj^Jl .liili L_iUa tJljAll (Jjaaxj ^Ic- .^aI^jJI jiL c. 

A j4J->‘ia \\ CliULnlL Prolog .A J^ajxxn 4 S^-l^S ^J1 (j?^j SV l >'‘ ij*yi 4-3J^)laJ (JaxIlaj ^a Cljl^ixl^ajl j 

^_a ^caIj^j]! 11 a £ jXijlO 4^ ’^AjJaliA c-LiaaVI oIa jj^^j IaAIc. # ^C -1 ^aIIj CllULnll 4 _j\1^ (JIa tL-iajl 

. ej-aJLj jl Prolog -J u^-«j ^ill jLij j^ill jj^I 

;o^C.la liAic. A . jl (_jia^iii] t£CAl^)i]l jjA AjjI^^VIj 4_i^j^)j-ali]l CIjI^I^IIj "i (_£,1]1 t-a ^-uialj (J^xxn (Jji^j) 

P :- q, r. 

A KxxiaII (3^1 " (j^^li (jl (j^AJ 4_ijl^)^Vl a^l^ll 4 ” ^kik^. j*j ^kik^. q 111 ^kik^. p" i^J^-JJx^i'ill S^l^ll (jl 

/ ’r tilll *^*jj q V jl tp (j^ jl t’ 'r 4 K x : x)a tilil *^*jj V jl q 4 Kxxia tp 


SjSall _lgjoiajj I g (^jII Clil.Vuu^ll — (|jjIj£j dil.Vuu^ jiiJajj prolog l>° (^JaUlLail jjc- (^1 

^uljjj jl L<ij 2Li j dilAlil <j^jl^j£liil <Lila ^]l cAj^lxj j^<i <i ^iLo j^^j jl l - ^ j A-bajL-uVl 

_^Ula 1. oVi-k ^ ilj ji<^llj t ^- 1 ''' l ' u “- a ^ JJjUl t^illa j\\ jj;Wi ^C. Ajluia jjJ Prolog 

<1 lj^ .^>^1 »^ ■'■' ^t_j^Lojl^ c qI ■ ■ Lo .'.' ^,1 jjoj Prolog o^j$b 

: JlillS ji j£ij 1^ . z*— *1^ Xj Y^'j Z J Y-J'j X ti), Y *— *l-> ja X 


ancestor ( Person, Ancestor) :- 
parent ( Person, Ancestor) . 

ancestor ( Person, Ancestor) :- 
parent ( Person, Parent), 
ancestor (Parent, Ancestor) . 


Rule 1 : Base case 


Rule 2: Recursive case 


(S^l^jSlil! Cilalouill 0 & aIL^JI t S^c-li t _^^l^jSli]l <4 jojL^VI aIL^JI jl t. ~q A 

_ajVI ^1 ( _ s ^ jjarj jl ^Jl I IaI <il]l t^dJojLojI <1L^ j^ij jl l p~> j 

S= c f f ^0 .-* 

;LiJajl AjIUII ijjliiJI IjAic- lil CLlAa-j La ^)fic.l 


parent (alison, david) . 
parent (alison, kathleen) . 
parent (david, harold) . 
parent (david, ida) . 
parent ( kathleen, john) . 


fact 1 
fact 2 
fact 3 

fact 5 


?- ancestor (alison, harold). 



Prolog '0 ‘ J-if- liA .parent(alison, harold) ddLO clj'-ayj ‘1 o3c.\^\\ ^ jd^V' Prolog 

Prolog 10 ‘ Parent = david V jl parent(alison, Parent) .M-0' s^clall 4J jl=dj jdO 

ddiy ‘ J j ^y-iOl jyy*0' ^ jWy ,ancestor(david, harold). did) 41 jOO 

. JO£ Jill jLdiu^l U« tparent(david, harold) 

.£?■' 4s O' M?y Prolog Ojja. 5U3 UllO 0*0 ancestor( alison, john) dslOl 3 jOd 0=^ '0 
u' y4*y .(david , john) s-ikdl did] ^ j-da <0 Ous. t Os. jjc. parent(alison, david) 
.(kathleen , john) ‘-OLi aia jjj ^alison , kathleen) 01 j OsyV jO ji O^fy j4' 

Ajjl^jiOl Cilllimdl C-flJjlxj J!>U. Prolog £^0y Olic. dj iV (jl 

tCillsim IjLo jS <■ t ^ j (_jsj j . J. _K .'.' J >01 I c_lic.i ^3 <1 j-aJ (jj-o c^ia I cJ ckj (jl ^uld C-flJjljtdl 

Ac-ldsj) ^Sli j j 1 . .nq’unVI i->» j OliLdl _j,l • - . d) L J 44 ^00 A_stsJI ^jjlj 

^aJs iidl ii j jli 1 


?- ancestor (alison. Ancestor). 
Ancestor = david ; 

Ancestor = kathleen ; 
Ancestor = harold ; 

Ancestor = ida ; 

Ancestor = john ; 
no 


0?y p .(kathleen -david = o-aLu) AyeuLdi/l jJUOl Ay^HOI ciliAVl ^ jUj ^dll S/jl ,30001 0& Prolog 0?y 
(harold , fred) 01 j jl Aids. Uiiai 111 .(john) kathleen ‘-00-0 44 p dida * harold) david 44 

.harold ciXJ 44 dsy] Jjl^. Prolog Odu dda = cikdl i*y ^l-i»jhi fred = p 


Prolog jyiu 

dO^ L$OI £jlli (jl (jy 1 10 t Prolog ,i_p JjVI A*jl!Lo (JjOuj JLajtioil (jl i->j A JaVill oOis ^ 

a-dlui-Q cjOl t^jjOaJ ^jyOaJ a- (> _ 5 0dl t _paxj dljlih j ^3 La£ 

2 ^ 0 jt O' L)fij (jaj (say, ancestor) prolog 0 _>?■! l/i tUaLo.1 

d!14 AjjIj (J jtsj Laajc. J i(. dlljl ^Isjj) to lie. j dllil jc-l) Lalic- LijUk) Prolog 

lalii ^jla^J ilsj d)l (jkij di^ _tdOOI ^11 d!14 halic. j ^A_iisJl AjtjliLdl e_n.-dj) 

JligJI Prolog CK (jc- Ojfij jA dills, i jj!>U Jl Ida j laiim tjkl j tAjal^a 

Jliidl a l hr. 1 jjiAj 

| ?- trace. 


yes 


?- ancestor (alison, Anc) . 

(1) 1 call: ancestor (alison, _0) ? 

(2) 2 call: parent (alison, _0) ? 

(2) 2 exit: parent (alison, david) 

(1) 1 exit: ancestor (alison, david) 


X = david ; 

(1) 1 redo: 

(2) 2 redo: 

(2) 2 exit: 

(1) 1 exit: 


ancestor (alison, _0) ? 

parent (alison, _0) ? 

parent (alison, kathleen) 
ancestor (alison, kathleen) 


X = kathleen ; 



(1) 

1 

redo : 

ancestor (alison, 0) ? 

(2) 

2 

redo : 

parent (alison, 0) ? 

(2) 

2 

fail : 

parent (alison, 0) 

(3) 

2 

call : 

parent (alison, L103) ? 

(3) 

2 

exit : 

parent (alison, david) 

(4) 

2 

call : 

ancestor (david, 0) ? 

(5) 

3 

call : 

parent (david, 0) ? 

(5) 

3 

exit : 

parent (david, harold) 

(4) 

2 

exit : 

ancestor (david, harold) 

(1) 

1 

exit : 

ancestor (alison, harold) 


X = harold ; 


‘(Prolog J J*L J' 0_\ 3 (alison , _ 0) V j' Prolog 

eJy (alison , _ 0) o' J' (J j^' J' j-bd j ‘£' 2 ^ ^ ^ .(alison , _ 0) <-is JjII 
i_kLdl si jUf Prolog L*d ‘ cr*^ J' Prolog f Jd Laic. .(alison , david) ‘JLJ' 2 - 9 J^ 
alison , ) 3 I J' ^ “bjd £ jj=d' J' tjjd ls^ 1 ‘(alison , _ 0) ^ J »' jJ* oA&L '4jj ‘(alison , _ 0) 
si jJ* Prolog ill jL=y J' Ji*^' j' Jy .(alison , _ 0) a-aljl £ jJ. Jl ijjj dlL£ .(kathleen 

t> 3 j J ^La ‘ dil L-y^- Jjisll Jl (alison , _ 0) Jl »l jjy .(alison , _ 0) a-kljl 

L103 u' djJ) (LI 03 ‘alison) 31' j clay ^Jj ^all J131! <- aLd l .kLlkdl sLa ^ jLJ Jll JllaJI 
david ) *- <L&1' jc.jj Jills 2 S-^c-Li qa t _ s _jlilll ^ J4JI a_ aa^JI JulIo^ h*^ t^cyy La .(Prolog J J^la Jila 
J' ^al JL Jl Jl J151I s-laill J Li t(david , harold) J' J' J l Z -J^ 1 <J' tjjdj ‘ cjd '3 a .(, _ 0 

Jc. cjJjj (jl Lille. 4jJill J .Calkyixill jyj Clljlfill 4o!>lc.l (Jliall J liilj La <■ -luia. ‘Prolog J JV' iJiLui j 

. jLiill (JjJaal Jl Jjj^JI Prolog J Jj^l (JjLjj !_ya\ J. 

4_aili!| AyJbca 


j^a ajaxil ^)JC. J^aVI La .L. Jl Jtyj 13 a y 3^ / J-au-a >- J (jA CliLilyll yy£l J Lii J (j^j jjL/l JL. 
J ^yjl JL . S j jl Jill . Jjaj (jl (jjy Jil' aS ^1^- jxyJI jl J jJI (jSaxJ LiAic. (j^Jj (jl Aj J _dilajali]l 

_<xjl|JI 1 . Jl J Jl - JL^j Lul (Jxj ILa.Aje-JI 

; JjjJaJJ prolog J A ‘ Lajlgjl a_ljl J 


[1, 2, 3] 

[alison, richard] 

[1, 2, 3, "go"] 

[1+2, [alison], widget (handle (2 )) ] 

[name=widget2 1 , size=22, colour=blue] 

[alison, [[david, [[harold], [ida] ] ] , [kathleen, [[john]]]]] 


[] (empty list) 



Prolog ^ AjAilaSlI aaaSljalli] J-^l t; 3LaJ is ojadVl *Lajli]l j c3aLa (jj^J d'\i^ jlajua j;^°dl L it. «a]| jja 

; JiLa . y^j’i ' ;?• ta£ 


person (name (alison) , parents (person (name (david) , parents (...)), 
person (..))) 


■?_ 


,^jl ^311 dl]3 jjajCa (ja t4aialjJC.I Ja j^jja i3ada CB Prolog *tajlB La jaC. 4al ^ic- 

Jaaill c Prolog ^ 5 ^ .al^ld-all (J^-3- t>a ‘tajlgjl 3p J l>“ J jj U^a (j^a ilia ^]l Calil]l La£ 

;V2 J^jVl d“^d^ ^jjUaaj <-ajl|JI (_£jlaa [V1IV2] ijaaLiJI 


[H|T] = [1,2, 3, 4] . 
H = 1 

T = [2,3,4] 


?- [alison | Rest] = [Person, richard, alan, jeff]. 

Person = alison 

Rest = [richard, alan, jeff] 

?- [person(X) |Rest] = [person ( f red) , person(joe)] 
X = fred 

Rest = [person (joe) ] 


?- [H|T] = [a] 
H = a 
T = [] 

?- [H|T] = [] 

no 


?- [a,b|C] = [a,b,c,d] 

C = [c, d] 

?- [a, b | [c | D] ] = [a, b, c, d] 
D = [d] 


JaLaji ^ 3^3 | d“ d] ^ (jj£i (jl -Call j)a (_yal " |" , >.’n ^^all JaLaj^i (j) t (jj I jjalliLall j), a 

J _jd 4 j3j (_£jLg£ (jl ». - " |" Axj A^jjl 4aalB (jauJa 13 a <jj£g j I 11 ("d^d^ (jl C _jd “Cc- — 

_Lajla <tajl 3 ]l 

131 i al LuSLU i aluaa J ■ ar. <j\j£ aj^)j lljl ^_yajy$Sj _*tajla]l 4 a^Jl*ai Cal Jllaaa j (_jda*a 4 ala^j lad jjl jjSJaJ (j^a 

jjJaC- (jlS 131 j! c*tajla]l (_>alj jjl£ 131 <Lajla ^^B j ■ >*f~- La ad jj » j t aUax 3 ' 4 aa\ 4 jl ^^B a ja La j ■ ^ e 

* 131 4 *tajll]l Jj3 

member (Item, [Item| ]) . % It's a member if it matches the head, 

member (Item, [ |Tail]) :- 

member (Item, Tail) . % or if it's a member of the tail. 


, l4a j~h j V ^a]l S-Llja^/U o^^liaail a-l^ja')/l o3& (JLaJtajojI (J^aaJ Laa " alajaa ^jaill Cal J lt ia l l jjLajCijal Ja^^j 

aaa. e-LCatl 4 .aaiCLaj ■ If' 4 t<CajlB ^B J - Cr. ^ La a ( _ s au 131 (JgjBdlll ada^jl jjCaxll 3 AX 3 J “aj jjl j}£aj j)^a 

;lga j - Cr. ^31 jajl^all ad^d ^1 a4aal3l 

?- member (a, [b, a, c] ) . 

yes 


?- member (I, [b, a, c] ) . 


I = b ; 
I = a ; 



I = c ; 
no 


?- member (a, L) . 

L = [ a | 1 6 ] ; 

L = [ 1 5 , a | 2 0 ] ; 

L = [ 1 5 , 1 9 , a | 2 4 ] 

yes 


.4 <jViS a Jjla, Prolog *- 

4_k^JI CliajQa 131 ^ ^ n ■ ■ I Yfi iS&x a Ja jyu (J-allj ^all (jl 3^ Lj . .d' Wqa 3-aJtJ V j-Jaxll 

aLuiVl Iy! - 3^ bill Iy& ^3^ Prolog yyIyIuiaII gii£l _4_iiliil) 4_L^J1 aliax-all A-iilall ^a La yL ^ jVl 

1 ' 1 ^ ■ U» jj dll^lidall j_paxj -lajgj (jL SigL^Jall 4 ^ jjj J cL^ja^j aLul^M IyI j cAljlialLa 


?- member (book (tolkien, X) , [book (cawsey, explanation), book (tolkien, 
lord_of_rings ) ] ) . 

X = lord of rings 


?- member (book (X, Y) , [book (cawsey, explanation), book (tolkien, 
lord_of_rings ) ] ) . 


X = cawsey 

Y = explanation; 

X = tolkien 

Y = lord of rings 


append ([] , List, List). 

append ( [H | T] , List, [H|New]) 
append (T, List, New) . 


' r , . ^ { o' - a ' j 


9_ 


A^jlall 4 Ll*^d^ ^a oYjY^. Aailla Ajjjoj ^^/LajoLl djLLajla AaLjal ^aJ _A-ajUi]l dllj -^ a33 Ac-gla A-ajla ClijjjJ: 

Lit I (JliLa J\ _ AriUiH J jVl <-(111311 3 jY AaLdal 4 ^ »i 


agjj <jLa*jj j 4 J cL’l 


append ([1,2], [3] , L) . 

(1) 1 call; append( [1,2] , [3] ,_9) ? 

(2) 2 call: append ( [2] , [3] ,_27) ? 

(3) 3 call: append ([],[ 3 ], _34 ) ? 

( 3 ) 3 exit : append ( [ ] , [ 3 ] , [ 3 ] ) 

(2) 2 exit : append ([2], [3], [2,3]) 

(1) 1 exit: append ( [1,2] , [3] , [1,2,3] ) 

L = [1,2,3] 


^iill Aa-aiLai^ aJL%JI (jl p ; 4AgjoiLa4 V ^M AaLda^M A j'j'i , . ' r j-Jaxll tj^a dll^yiA] Ajgl^jSlill A-ajliill 4_^Jl*-al 

alYj 3^ 4_J J < 4 ~Q t ^ (^ 5 -^ Ajgl^jf^l AIL^JI <YI1 y£ <4 K Idol] 4 Liu - II ^aulill (_jYaXJ 3^4 

.([HINew] )o Yiall ^3 j ^3 j ^ ill < 1 ai , >.v i 4JU. ^a _4_baiLuiVl aIL^JI oL jiiii 

(_jYaxJ aliijV J^aLjal ^}lxLa bYt‘t3 j A-ajlall 4_^Jlx-a ClllYiaa-a AlLiS ^aJJ LaYic. A9 ^ILall A 

;La A-ajU -jat ^-3acl 3^ yL^jV Yluiai 1 y& ^dal j 31-Li _La ^du oYixj ^ajLiall 

max ( [ ] , MaxSoFar, MaxSoFar) . 


max ( [Number | Rest] , MaxSoFar, Max) :- 



Number > MaxSoFar, 
max (Rest, Number, Max) . 

max ( [Number | Rest] , MaxSoFar, Max) 
Number =< MaxSoFar, 
max (Rest, MaxSoFar, Max) . 


?- max ( [1, 6, 23, 21] , 0, Max). 


; jy ^ 13 a 


CjUi. 


• (0 4-ajl3]l ^ dli-ajJa 3lac-3M (jl 

J [jc- at-k ^ C'Ci j ^_ya UjLa^. e-UaC-l 3H 1 c3a JiLa ClllukjN 


to 


3^3 131 .km )' J , a ^ jflll 3k ^ * Ika 31 a * ^3’ ^ ‘ J £C-aL^)J ls^ 

131 ( 3_ial3l 3 jL^j 4 uj. 1^. *a Lr. ' g* .k* 31 I3 a 3*-=3 3 ^ L5^ a j"t N 1 ^Lr.V 13 ? j£> 

xJaC-Vl 3^3 <LajUi]l 3jlg_j 3 >-: 3 LaUjc. _<kjliil] ( _g3 <tiL (^3^ g L km 31 33 ^gJLlI 

_4kUiil ^ 3r. 1 3k 3 j^ 3^1 <_gk ^a^jjkall 

;4klii]l <kka Clllakui j^jc. <]iLaVl j_jktj La t-» j 

reverse (+List, +SoFar, -ReversedList) 

% Should succeed with ReversedList bound to reversed List (appended 
initial value of SoFar) . Normally called with SoFar=[]/ 


reverse ([] , SoFar, SoFar). 
reverse ( [H | T] , SoFar, Final) :- 
reverse (T, [H| SoFar], Final). 


% delete (+Item, +List, ?NewList) 

% Should succeed with NewList bound to List but with all items 
matching 

% Item removed. 


delete (_, [] , [] ) . 

delete (Item, [Item|Rest], NewRest) :- 
delete (Item, Rest, NewRest). 
delete (Item, [First | Rest] , [First | NewRest] ) :- 

not First = Item, 
delete (Item, Rest, NewRest). 

% replace (+Item, +Newltem, +List, -NewList) 

% Should succeed with NewList bound to List but with all items 
% matching Item replaced by Newltem 


replace (_,_, [],[]). 

replace ( Item, New, [Item|Rest], [New | NewRest] ) 
replace ( Item, New, Rest, NewRest) . 
replace ( Item, New, [First | Rest] , [ Item | NewRest] ) 

not First = Item, 

replace ( Item, New, Rest, NewRest) . 


3? "3aj +\ 33akkJ 3‘"tj^ Prologs t_>*3 La 131 (jjjakil] " Not ' ' 33akkuJ Jii.V 

V 131 j cLa CIiLjI 3^°^^ 3 lk )3lki j )x3 (JjsUj Laa Prolog - [y Q ^ 3 ' Not jA L_nkl 3 ] .Not 

dl]3 CllLj) ^llaluil 3 ^gik] 3£>LLa (_vg] Li " <Gl 3 j31l 35La* (_S^>kl ^Lkll " Not" 3 !^ 3 .) *S 



jl£i) " £>aa (J/iaM ” Not " JU*l^J V Prologs cs-?^^ -0 Cy* o^ x .(” 

.(” 


4J&L1I ^ualj^lj 

oAA (Jjj-alij (jl *»“ n^w tAxlll ^J-kJal^-o Ail£j ^J, PfOlOg aj^xlil Aa^^a ^)±1*J Ia 

11a ^^3 aJjaV^ A_jja tig 'iC- ^jAIiaII (_jiaxJ A3 ^)xa] A ^kl^H ^j£l # l_jIj£11 IaA jjJa^A c“ Uxijl Axlll 

AI^xa] .A^aIII aAA c-LLaC-l ^ja (Jx^. tAxllI oAA ^IaVuAj ^C-l $.1 £a]I ^LoiSl t qIiAa ^3 l_jIj£1I 

l_sIj£ ciltiA (ji ^UaLaa (j^AJ US .Axil! oAg_J (J«ox«oVia c_jIj^j AjIxJjaVI (J^aj PfOlOg (jC. 3 ^! 

> AjIj^1j ^C.l.'iJix^VI *I£a 1! j^3 Ail^ ^Jaxj tlA^lAj-aV JoJ-vN/all l_u£JI A^. ^a^a ^_jAjJa Axlll oAg_j (J^j^oVia 

Aijauait JjIaj 


JjIaIII d jLa 

;^C-l ’ iJ^x^iVI c.l£l]l AAlaji ^3 (jLaj <j| (j^AJ AS^xaII ^j' A.Wil 
.J 3 I A_lujL^j CIjV^ t ojliLgjl^ Ajjj j ClsVI - Jc. cJ^-^J .(j£-il^ 5 tJi UIL^a ^3 ^\ my s ^\ J — 

CjIa^M 

# A^xJI <11 ^Ic- AjIiuj^a AxJa3 L_fl^C- Aj^} - ^^Ac. (3-^AJ t l.Vilj^ ^_^3 £<JJ t^i.h j\ (JaC- — 

*bVI 

Aiili c. <a^ A93*a ^^Ac. c_a^xAl J!1a ^1 — 

£- 5UaVl A3 jxa 

jI_jLaV1 I 33 J (ji <_j^aj Ajl (," n\i tLo aI^j ^jc. A Av*k Aja] ^Al (jLuijl - ^Ac. cJ^-^J .L-fl^xj Ia A^ 3 *a — 

( dA^^j (_jI£a 1 fllxAn^V ls^ 0 

;tii]l ( xa (JaIxIII ^jUlj£ tilLiA j A3^)x-^jl (jLaj ^ji >. t vn.j ^.1^111 A .qJoM ^3 (J^LaaII (J^j 

A3^)X_a]1 (_£ jJjoIaJ (j^A^ ^AA .(J^aJ Ia (J^^j ^ailxJl — 

^jla^JI (JjIaj 

L>° ^Alc. (Jj''i/a'lll L_fl^)xj t,** ^a^I I ^ jILaa 3 IIXJ ^jl (j^A^ ^AA # 0 ]ljLj 

# ^CAl^)i]\j ^lUu Jl (j^A^ 
^j^^luiA ^3 CllUU^ll oAA ^hVi (jl 0^1^ L>^ 
A3 ^)xa]I (3 jILaa 
A 3j->Aa^Jl Jjjliqj! ^Ic- l)*^J — 
^A^ll £_£^llulA 

3^^^) 0^3^ C5^ (j^ 0^1^ C5"^ -j-3 0 -^^ ^Ia^JjaIj A3^)3t4jl (Jj^a'^ ^^Ic. (Jaj — 



4 i jjlaII JjIaj ^ 5 


33^] ^j-a 
V® : horse(x) 


IiVn^gj (jlVi/ill A -y\\,x aj ^-Ijjl j)-G ^ 3 C5^ (^£^>^1 (3 jl I A_i_I]l 

|£-g (Jjjj l^J A u.rO^Vi 3^ (jl t^)^jl A-g_ujI UL-a^. (jl 

— ► hasatail(x) 


.(^>^-^) 33 ^ *33 ^ ^^jI u': 3 33 ^ u^f a-aIc- 


# aS jJ (jl 4(33 AJ ^)^jI 4_£ A_Ll^J (j£-Gl AJtlll (jL^xlauL 

3<q> 11 ^a Lg£ .ipxJI (j^£j (jl (j^-Gj (j^l .i^l 3 .i^lj LgjI^ >>" Uxijl i^_a jj-a^Allj aJlIIIj AiijlxJI 

jL (j! ciJjVi j£l 4 33 ^ ^jix^vN 3 ^ uW Lga^I£ 433 ^jU^vs ( 3 ^j < 3 j 3 i^J 3 j^ 3 i 3 ^ ;AJ^i! 

$.1£a1I a ^gJViI ^cllcLi LgAac. .jU^YL 3.j3^I 311 * 3 , 3 U 3 3 (jVI 3 4 .i^lj 33 (j-* 3^ a_I (jL-^^. 31 
&.lp^ ClAjJal^jJC-l^ ^luiSlil] <Lla j)^£j (jl Ix^ijl c > VN.J CllLjal^JC- VI alfc 3 j :> 1<q ' 1 ^ ^C-lilax^Vl 

.(jjli^JI ^j-o 

dUaxJo]) AJg^_a 1I (jj # A_ui£Ix-g]I jl^ll CIiIxj^g dill jl ^ *»" U's # AA jjIgII ^cj^J^xxill A^. ^11 Aj^jxxi jl£il aKxxi^gII 3H° ,^l i\ 
Jlli (jl ^lx 11 £-g # ^jjxj^g 31 3 > >" j-11<gj.a]I \j A^.^111 3- '^'3 dilxJ^All 31 3 

dUli^j *>. ijll JJ Ajjlj^ik^j] # Aj ^ ^Ja-uiA jjc. jl-N.^Vi 



AJb^ub&il ^LJ^IxuJl A -^ 3 5 

# ^LJanll C1 jIxj^a]I J^c-j c-l^jjaill Clalxj^A]! Clillj]! ClaliLnll l_ia^^)Jj a^lc-1 ^juj j 3^ U^J J ^ a ^ a cJj^^ 

cl)^ Ja±la^_i]l ^a Ja^vlj ^ ( 3 ^ _5 cIiIxj^a]! 3 j^ 3 -i j 3 tn \W , V^ i 

J£ (jl SUax-oSI A_a^_a11 c.^ Uxi's ^aj^Lollj 30 (J-^J.lV^ ^^C.j (jj3^ ^ llxJ^o ^jl >>" n*s (3^ 

3 ^ ^1 L^J ^ -3 ^ U (> . 3 >J *^^C* (jl ^>^1 i^,’^ ■ A } JjJOll ^lj^gj *^lj A_LgjJ 


AijXAil JLaxIujI 

^ 3^*3- oj (jl (j^-<^ Ai^)x-A]l >( ^C.lllaj-<aVI ^1^311 A-oIajl ^3 Ai^)*_3l 3l- AX - 3jaJ l (j^ - *^ (j^l £0^ 3^ xxl .^J I^jLuj 

; aJUII ^1\ 

(jl > v^.j S^ja^SI CjULJI .Aijx-31 l ^- 3 ^l^ '^la ^ij AiLjal Ja^a 3^1 I ^ .Ai^x-31 L . ^ 1 ‘'^j — 

ciaULij o^c-la ^a _jl^^j 31 (jjli^JI jL^jU 3'^*^ jaj Vlj 3^^^! . 3$ xx) H t£g^y^-x}\ 3^ ^ <a ' u -^" 1 

# djULJI o^c-la 3^^3l ^** j a_3^)x-a1I 

^IajIujVI 

jjj£ 1I .A_ia (jjAi^. _J J - x 3l (jl l^onj .AiljJall o^li^ (.3^ -J^ 3 ^ ^ U-3^ U^ 3 -<w *- 3j * x1a ^I 3.3'^ 1 — 

.c^Lg3*-g1i ^'L^^iuji (33=^ (jLuijyi (3^) ^ $ 3 xxi<q ‘"- 23 -^ (_5^^a-^vi a ^ja 



£U±Lu.V ! j ill 

.CjULJI qa gl llixjjl — 

Ajlliill (jjli^Jl La ^Uaj (jl 

. jIa. (jgixjij* ^jja” • 
# ^jV^ ^gic. .112*. L^j££ (jl jj^aJ jL^Jl jj5u*ajx (3^ M • 

(j£-a-a A Vuxil ?.li^. 3^ ^£jVI (_ 5 ^ c - ^ j*Jl 3^"^ jjqjxxi^a (jl^alj (3^ jl ?3^* C £5 4^ .1 j^) 3 3^ 3-*-° ClaljLuiiluji I i] 

# Cl lULull Clllc.l^}^lj L_li£l^!i]l ^ja <1 j)g xxn l&jl^^ ^^ic- (jl 

.^■InuxiVI J c. t ilVV’n ?.li^. 3^> Alill i^_flj*j (jl j)l£-aL 3^ IcJ-^ 3 ,xxl ^** Ux ^ 3^> 4 jI 

^iialillj ^UMI (jl 1.1^. ^jJal jgjl j)-a t3V-L^I 3 ^ n a^lc-l ^^jLa 3^ (jl Wx^l j j.lJJ 1*^A j 

# ^t]l Ic.Ia.j 1J (jlllJajj 

42jjlJ| JjIaj A^JajI (j-ajLuaA 

;4_i]UI j^lx^^l i^lVi^'i jl ^ Aijat^ajl (JjIoj 

^HaJ| 4.jL£5L1I 
$<JjU-i Jl <9jxJI (Jjj^j Sj-ii]! — 

^ImuiYI iAfcll 

•» * e •* 

<a^x-<i]l qa 4 aHalil lilt cjlt ^yjl j o.ij.1^. <i^)*_-<i ^■liiijail i q ^ lilli j gjiLo^ll <9^)x>i]l ( _^lc. a^till - 

jy-Vi 

Aj»tmu.yt Sflisll 

‘^xai *vjVi ^ >lu Lit] jisVi ^uuiiyi J! ^4^vi h^ivi ^ s j-^' - 

AouaLall sfli4]l 

ij^-tll ( _^lc. JjLgIiC- VI (Jl ^nmV ^ 4_l]l (j Ja aIaHujI j o^j^JI 3jjx^a3! ujL^ijS) ^_ic- o^tHI _ 

_atlc-i aJ^I ^11 L^i-kll t J£ <1 .li^. j ^Llaj .I^jjV (jVI ( _ 5 t^ 

<jjk 

.(J jlVI 3j) x -° < ^l (_5^ JJ^I 3.. u - >oia : n Vg Jl ^ajVnxi t" n*s (Jj!L«aj]l CliUaia^o i^£ 

AJaj^uuil 4ji£Ui) 5ij3LAl! 

\j^jia^)C. ^aJJ ^Ixxi^fcl As^ jA-yA A (3^ (j^ c " ^ Aj&l^kc- Aij^Ia 3 g3J^)JaSI (jl 

Ai^x-al! o^C-l^ (^-^^-^joij (jl (j^-^J 4i£J c 3 V^-xxj^V] S^iiu-a JjUMl I^A /oAaC-VI (^3 3^ X * ] J 

;^JIj11j JAojII (j-o ^J^l I^A (_J^ajlx^TN (J^J-^Vl (j^-^ 'S^'J JV^VI C1 jI£^)^-a] 

.(jjli^Jl (j? j^3 'AV^Jxxij ^J^)ia M • 

.( a - uj ^)) oaac-Vi (_^s ^h’u 3 <; xxi j (_jia^)*j e \.xxi>Vi jA~y.A 3 j^ 3 ^” • 

# 3V^-^v^ A . lilxla M • 

# 3V^i-^VI o^c.ls M • 


j^*Jl 

SJVI 


^ALUJ^a!! ^Ul| 

CllLG 

C." \UA Jjjl 

> 

■ \j3t, x x) 

35 

j jt 


aLxx!^ 

C." \ \A 


liljj 

^j U 11 *V 1 

47 

j^sLui^Luj 

iil^5l£ 



^huxntl AjiijUil AijJLAll :1 Jj±i. 


;3^-g CljljUxiluil l_i1I^j (jl (j^-^j (j^-j 
?Ll^ 3^” 

? # ^tl! 3^ / jM' > > > i».\j ^iil” 




.diliLnll A 'll ^ \x (Jj : ’i^'ill ^ja jjll I^A 

• c-LlujVl ^J^aCL * ) A-AiLJ^lxJ! <S^)Xa ]1 

0 °L^ ,f • 

A 3 -ay i^a aOS” • 

cijLiiv ^LaIuHj jaaj 

^ 4)1 ii 

l q *u ^*. 1 1 ^<c~- 1 1 ^ ^ a \ ^Jq\ 1 l ** ^x^aLic- # 

.(4 .^Jajj) <" qIu^iVI 4 _i^jA ^ ^Jajj J *>. CjUUj • 



1 ^ *i A ^ ^j| t n*V \ i 4 _la^J __ *■ ^ > n 

'^h y $\ As^ jAyA jl CIjIaKH ^i\jla <Lujl^p A^j-kjj Sj-ui^Jlj l_Aj^)*_a]I L_u£^)!i]l 


A- 44 J 1 p \ jaa jr jJj 7 .^jil 


# ^Lui^,Vi ^j3_J ^Lai^.1 — ^C. M 

jJj-o 4 _LaAj — — ^ 1 " 

\ n i *>\ 1 1 « , & u<ll 1 i 0 « \ » y\ \ 1 ( Xlll ^ 




•Lo aiiix 4 u -^>1 ~^v \ 4 /\ ^ 4 t .^1 ~v. \ 1 4 

# <3^)*_a]I S^c-ta ^^a .i^. # \ 

# La 4 _xua tilLiA !i] A >jVi -LaC-l # 2 
^ 4 _a^_a ]1 (_) joiS iar j ^-Ij^) (J- 1 -^ lijj 4 _ 1 L^JI <Loja ^jC- <" ^ n tiilj I^C- l^a 3 

l.g ’ic. ^Ajj -IxJ J AJx^IAII <-043 ( 4 ^ t> “ ^*\j)J ^ J! C_lA£j c^llj .4 

.4 Jx-oIAW 4 _*ua ^^Ac. (J jj-a^Al Cll^jl liilA l^c. La # 5 


4 j%ivru*iVj AijxAi) 

^xpiill Jllall ^1 J^xj] ; ^ K x'ii ^lalA^ Ai^at^i)! ^JtAJ ^ 'ia‘i A ^lYnx^ i A 3 ^)*_a ]1 (J .) :>1<q ' 1 


: J 1 <_^jy hasatail(x)—*: horse(x) V® Jjy4J' 

(ji o 

. J^qVi c) ClaULnll O 

.Cj3 At, ^ A L-jl j)x^q)1 O 

. ( 3klJl A^ui! sbVl a^I jS J! 4 ja> 1 ! JVa^VI H 1 * 1^)^] (jA AjAlII ^) 3^j” • 

CjLljI A - ; tills ^Ic- JliLo j .^.cA ilix^Vl c-l^ill Valajl ^3 _jiaa^ • 

[VJjjjLxjjVI 0^)^ll 
^3 lA^i-oCjj A3 ^)*-g 

iLuSil (Jjaxj t. \f\ o^jjju-a • 

<_£ j"i Vi AJ Vlqjuj] o^Uc- ^!lll <3^)x-<i]l (^4) gVn^jj \] Vix^iJa 4_xJ ^3 ^ui3 ^ cJ^-°J • 

djUx^H j CIjYIaaII ^cllxj i ^!ill CjUjj ijjSI Clilc-lAillj (J jAJq <jl t" n*s ^Lq-ujV^j djUx^H 

# ^.Lq-ujV^ 

VSjxaII JjIaj £y* Jjijill 

cJ^-° Ai^)x-«a jl (S^jLkj^)V^ Ai^jx-oll (J£ (Jj!LqJ (j^a j m • 

.gl.Vnx*Vl j ^jjiiAill (JlLa CIjVVAjjojV i Vlj)g xxi M • 

:jijJaV) 

<1^3 diVl^JI JS 3>*ul — • 

,4 (jj£i is djl^UlLoaVl c]^ (j-^ — JjLaijV!” • 

t. Vln^'i AJ .^ilaJ J ^j£j<aJ (jW ^ lYixxAj lil ^-<u-qJ IAa ^C-U U^ 1^ lil - ; tills (JllLaj 

# ^Uuj jL 

# (_£Aa11 SAj» j Cjljjjb IaJ Lgj^) 43^)*_a 1I aAc-ts ^3 Cljl^ni^jl t i .^LaxaIIj (JjAaLaII aIAxjI” • 

# <Jx!ija Aj3I^g CliLa ^L l-o” • 

AijsuJl JjIaj 4-iJa^ 

;<3^)*^]1 (J.n ^‘1 4 j VAi (JLwUjujI Ale. ^-Aa jli ^jl c ^ l~^j <_5^ \jLjaall 

4 ag .all ^j-ai 

A Kxai^W A^Vi'S/aH IjjVi )o‘i ^1 cilliA lil L«u 3 ^"ig 'i — 

VajL&I! CllljVq'i L-bojllill t(J!La c^txxi'N (j* al^V (jJJ <3^ylxll ^3 c.“ l^fi — 

^A_1ujLa]I Ajj^alL^lxxi'N^ ^-3^)S ^_^3 A^jxi^c. Uxi'i (JIIa jmi ^j! .oAi^ ^11 


band(Hosam,Masyah band) 


SIaj-oaII AS^)i]l ^l.xxi'N AS^)3 (jl jl A-1 xxjLa] 1 ^3 ^al.xxi~N ^jl \) (ji 

A_1ujLa]I — AS^)4J^ Jji^i'l 

band — Masyah band 


# ;Aj_j 3 t ^l.xxi'N = <3^]1 ^LjaC-l 


band-members = Hosam, Fared, Shareef . . . 


CjUjjaJ) VlusIa. 



^oAti-a ^A JjIgJJ A_Ll.Ii]l jblLl # CjLjI.1i]! ^^aLg A_j A3 ^)*-a] 1 (J/’ 1 ^' 1 i t vn.j ^Ll 1 ^jIlul^]1 aJV^I] — 

^j^iLa l Qx«Vi ^j-a jfij 1 i.1^. A_iic- A_*J ^A 1 Axil! .iVli dlL (JLLg£ .(JixCii]! fcA-Jj^)]l 6L_fl3_jill (JlLa A_1 ujLuj1 

(_j£-ai AJ!Lal£ # CjVL^J 1 (j-o aIoiLj ^LiiVivU CilxaK ^rn'i Cil./aKll (_^1 t^t ,> ill <^3 Aj^*- 1 - 3 ,W Uxi A.^qK 

:<J^' u^jc- 

(jl (j£Jai CL_ll£ ^axiai ^-gLui !Lj 

feeds(Sami, dog) 


^L_ll£ t^-aLuj^ ^axJal 
L_ll£il ^-qLuj ^JaxJ !Lj 

gives(sami, dog, bone) 

?^_ 5 AjV! aIg^J! ^,'i» . a (_>^ aIg^J! cLa (Ja tL_ll^ t^-aLC) ^,Laa j 

? f lx LaV 1 ^lxAa]l c-UaC-l ^,'lJM (Ja 

Jaj |ja ^ ^ULl Jl ^ 3 j ^U-kll ^ ^Uac .1 jl£ 1 L 1 tjr i*-AJ feed(x) —tgive(x, food) ^! 

.A^lULu.V! .lC -1 jAll Qs~i* } AiLcaV ^Li^i iv^l 

?1La cJIaj l ‘<aj^ ^ac- ^c- .li_j (Ja 1 Aii^lc. (JlLai c. qj^ ^)Vl (JliLa ,^l il 

Z<xyd = jwi (brother or sister (father or mother( Amr))) 
.(((>^} j' C 3 ') jl ^') L^' — AU 
JaJ^)l .IC-l^All Aj.lxi! ^1 ^~l"i Vi A_jj!.1iiV! CllUj^^Jl ^a A_aliV-a CIjUjILula q\ vlx-aii-all CIjUjIlulaII <jl ^Jal jgj! ^j-a 

# Ajjjoj ^jiLa-a]! ClLj!.ll]! 

# L_1^11a^jl ^11 ^^iLui-a ^aLg (j^5L (jl l^k 1 (Jl^joill^ A_LaIi^a £g^)sLj A_l£-uLa dLlA (jl ^a 

w>uji 

•'(jj* U^£Ij Jx-agjl ILa <^3 

^IVnxAiVlj ^oa!^)! ^ A3 ^)xa] 1 Jl A-nWH • 

.Ai^x-all (JjlLa^j La LaJ-v^.a Ale. LLjaall ^j-a • 

A_aliVa ^3 # Aj A3^)xa] 1 ^^3 ^joillj oj)aai*\J 1 CllLLiJ ^^_La lLaJl3 • 

Aj^)j->-ali]l A ja nil ^ 5 ^” ^■' l| .^^ (Jn.aMl ^J1 (JIaLV^j Clil^UaVij Clal.^ UaiIL oj)aai*\J1 

.djy 

4i j*-^J1 Jjj-aj 

^jlxa c jaJ (Jj-aall ILa ^_^3 # A LajxAi^l (JAaIiI (3-^*-^-^ (Jjlai^jl ^jl c. ‘^1 

A3^)*-a]I (J^i-aj CliUalaV-a ^3 ^aja^Jjjj A^lal^jl CIiIaLulaII ^31^11 ^3 # A_3^)x^]l (J^Laj ^3 Cll^^liail Ajxxij^ 

.^IVnxx.Vl j 

|3-»-aa]l I La CllLaxlLujl A_i]Li]l A_UxjIjL] 1 ^La i^ali 3-3^-J lul 


(j-X—J t A ^ /) 


JS*I aJLc 


3 



V 


A 


j^)xa I^A cilluA # A_9 ^)xa]1 (JAaIiI AjqJViAll CulAlui^jl (jLaxlLul A jqj^ (jc (JHa <jV^ .^l il 

■ VluiA ^IxlA 

Jlla 
; jai jik^ 

^u - jaa!” • 

2 - * * - ° 

.AjtJ^jaJ CuljlbU ^AAic. ^ Luc. VI o-'tiJ'" * 

.JjJ^j! ^JA A_X_^Jj^jjl Culjli^j! tiligUjuu" • 

^ja jji&ll jxcV! SjLf^ c^\'g‘u*ri ^I'nu.yi JjL^l j 

: J! Ah^' jW&J' f». _pjJ' j mega_star(prince) : J! <*?-“ jp' ji 0^4 0^ 
Vm: mega_star(m) —*rich(m) 


;<jj» j.^i jiiS'i Aiilliill A-igjUl 4 <*jjjoi CiIjUjoi ^Aic- s-Luc-V' j 

j' .m ® jLp* c?a c 04 jpj ccir(c,m) 'Aj ^ ^ JpeJ' J* " • 

.car_of(m) 0p-“ lil ?3Jb c_il jUmuJI 0*" • 

;0 jj£j is 3 (jii Ais^c- CjIjUjOI (jl (jJajjj)] 


V" c, m: car( c, m f^rich( m ) —*fast( c ). 


ojUjoJI blli Jajoi jia consume(c ) O' i_pj^ .Aju^UI diljLiiJI J ^ ilc. ^jLu AjuIjII (jj 

: 4^ O' O^pj 0^ p .0^-wSJ 

[A3 ] 

Vc: fast(c) m:car(c,m) —*consume(c) . 


; lilli Axj Ci?r o/ywi J' ?ojLjjj gj4) JpVl ill* 0^1 Jbbl 



Vc:car( car_of( m),m) . 

■ dil AluiaII qa AjUg 'ill <Lc> J)A~N.a 11 (jl 

mega_star(prince) Vm: mega_star(m) —t-rich(m) Vc:car(car_of(m),m). Vc,m: car(c,m) ^ 

[ A 3 

rich(m) —>fast(c). Vc: fast(c) m:car(c,m) —*consume(c) 

• /jl s-l laC-l J 

consume ( car_of(prince ) ) . 

AS JjS A. CIiLgjoj QJU ^ JJ J j dllS^/lc. ■ -->■ A . . '■’* ^ 

.AjSA^I dl^iA dll^LQ ^Ic. ^J^Ajo) a\ 1 ^)J.l]l HA S-l^JJ L_Ujal]l (j] 

,isa(mega_star,rich) : ^ eA- j jUJ l)«^- 

: aJUII Ai^ic 

,instance(prince,mega_star) eA- a Vu^.1 1 ajj^e. jlul 

.AIuiaII (Jjlai^jl ^3 I^A (JIaj L_i L a£ A3^)xa (Jg xxill £ja A_jl (jdli fi^C-1 ^ja 

dbldaVlj lj! QjjjVill 

|_J ^LaLiI] CIjIalula]! ^J1 IdlAiA ^Ala-La]! (J^Vl L_llla]l JAaj m • 

# ll-a'N / la^S L>*^J ^cjLii^ ^Ixxi'nI ^.J-aar ‘i — idjUa j O 

• .Vi xxl A jlxAJ O 

(J^n)Vl (JjJaLlA — Aj^)laj dljlilj 4 Kxxia (JV" • 

.(GPS) 3-ijJ^Vi (JjLujj dLA^j (Jjl Vi ^jjxxi Vil ^iIoIa]! JjVI L_lila]l (. <a3ajj ^JVl 3a ilaVill ^Uaj Aj^)*j M • 

# 1a^. Lgjk (_£^Lxl_jl di-n 1 jj ^ca^]1 11a 

.dljlxxVuJj A Vixxil A_jL^.] A a)Vi1 11 • 

J^Vl J AijXAJl JjIaJ 

JAaj 

/ol.Jaa a!1 aJL^JIj j # ^tll dlA*.Vl j t^Lui^Vl cJ a^^la — (j^Lx^jl (Jj!L<^j)1 m • 

# 11 o (^Jaxj ^ j Aijx-aiu (Ja*J1 La A3^)*_a] ^laIj^)J L_ll3aJJ M • 

rcPlj^Vl ciA^l 

- ;iii]l <^lc. (JHaj t lg xxiq’i <3 ^)*_a] 1 ^3 A ~iAx>>4jl CIiIa (JIaxIL-uV ^ Vij g> ) 3-aj x xi CIiIa jbus • 

# ^cll CIiVV^IujVIj tA_L-all dill ^ll^Jl A^j c. \f\ 

# A_3^)3«_a 11 *dA^.^ll dl.Ajla'ill Aiiiil l^d^a C t ilWn • 

:JHa 

^jUflll jjli dl-^li’i^l A3^)*_^J 

# ^tll m l_j m (Jj 3 ^iLi jb A j'iax>> A_3^)*_a • 

# ^cll L_i tl (^xxll) AJ^jIIaj — (J^-^ 11a • 

jjll 11 a (_ja Adl^^l A3 ^)*_a c^jiVi 0 a1^)j]1 1]a o 

ilj )Vi AjA^jVI dj^^Jl i xxi*\ <d^jJ c ‘^ f\ A3^)*-^]l LiA AjjI^^VI dlA^lx-o]! • 

.AnUfVl ^1_>^-1 


.^11 ”Cj" Jj 3 ’V” ‘’V’ JjS ^ A^dalj Adu 




L$' O 


A-^jjL^j! cJ-A*ld uL£ JjIaj 



;A -n\\« a\\ _jLuia A^Q]^ (Jj!uu] LiA gl.Wi 

*Uft! 

^jllaJ (jl (j^JoJ p-^-ulll (jl CIiIjjV - ^Jc. lK^J t (3 <AX ^ JUJ - 3 (j^ (j^oJ LS"^J A A ^jV'ill oL^jl ^\\ _j4AuJ — 

bird(x).—tfly(x) 

^1 Jj^j^j A& jjlaJI 

<jl ^jjJa ^ (jl diUliV JUJI cJ^f^ ,(j4*-a ^ ,<a '^ ^1 a^il <jj)U^a 11 Ai^x^jl ^aLo — 

• U%-J ^ J A ^Wl aJ ; (jjla^JI ^>, w"ui,i'i 


S uLJuill) J^uJl A-iL 

?j JA ljULuJI l_u£jj J^xl^T) jjU] 

;1^_Lqj tA_c.^)jaiJ A_L-al_^JI ^j3 ^L*.jIujI (j-a A_m]l o^A (j£uLi • 
djljli^lLj A_iaj^_a4ji ^c-l j^ajl o 
# ((_jialj^)]l 'lll^ (jj^)9 - ^Jc. JliLo j #( ^]jVI A_LsXj A-jjl 43 ] I cHjIaIuia]! o 

i o.-^ A m djiij jljtJl 0 

f- \ j \ A^.ja 11 A •>>. ^\l t_ *‘ ^1 , , > , ,.j . A_jl l ** \ \ ■>>. aJ^^JoiJ ^-q-ujJ 0 

;ojjol^JIj t flJxjJall (jjoJI Aj^laj LgjS ^llill (j^-a-Q A_ilc. 

A Kxai ^9 A_i^ljJ^l Ajx^ilek 3 A_aj 3 (jJi]l ^) mj 0 

CIiIjUj £- (^1 jl) A_ix-aj ijcg^^c. A_aj 3 (jj£li (jl (j^-oJ — (j^lll Ia^.\j J j£jaj A_Ajgjl a ^)fixj • 

. j^.1 ^ J) _>;>» ji (<_5j^.l 

. JjIojII (_£ j’K* ^)±i*J V 6 JJOL^Jlj ^-LiXjJ^jl ^34)1 0 

n^ljilll j A_mll o^A (j-a jjlc.jj (_^jjj_jAiui jpJ 
>C 5 jlx-<Jl c* iKiui 0 

.>yi • 

^JbLAil CALiui 

•^A dal.^ uai! A_iuUJ^)]l o^^all (jj 

Cljl^)jj-ali]l j ^jAU^J) 1 AJiS^lc. ^_j-q c^- 3 ^ ^ "i* a 0 

> Aqn.^ < Q ,via 11 Aj^^-A CljL«a^i*_A]l 0 


^bujJ) ASlui (jh JjIaJJ) 

# § ^a-uJ^ll La£ (jiiLj (jl (j^^ 3 A_ij\jjj^]l (jl 



^ 4 ^ I-->q\ ^ 4 \ I-> 4 /\ n n 4 ^ \ i*»' ^ ^ i »i j^j| 

(jl^'l.Qll (JaaJ j)l Ixiajl o^A 


isa(person, mammal ), instance(Al-Nasr, person ) team(Al-Nasr ; Riyadh) 


Ls ' 13> <Q - ((J-aLj^)ll c *UL^jl t (ClAjj.Vill (Jjais^aW 

A-joijvLo (j^ ^'A\ 4-ic-V cisLip!i]l ^j-o 


i (Jad, lecturer) <1^ L_i&j ji c&4 lecturer(Jad) u' ^L'j 

^ 4 ) 3.. 1 ''' 1<q ‘ 1 CllUaia^Q ^j-o .Ipxil ^9 (J^-^ J j <9 j-^]I (JIaj ( lS3.) 

^.Ic- ?4 iq i J-a iLo-ixiill dal^ Uxi'l ^9 Lq ,*1 u*j>q 1 *1^ ^-jQ ^ \ Cj A ^^ ! LiA 4 Cha 

score(Al-Naser,Al-Helal , 2-7) 

ljUll ^ U^l*\ <1 £joLa]I o9A 

(JliLall fixture j game JJ jjjjjj jl ^ jiiciLi S-ip^. ^c. ^UajL • 

# ^9 (3-j^^ ^Laj ^ j ci>U jLi^JI • 



(jtLa ix — i -ll^] alui 4 ^ uii 9 ,^-ujii 

# dj9q^ CllLo-iaj S9c. Ujj] LiA I^Jj _J aC - ^ )^c. ' ^9 1 _a£ l.^jqaM (JLLaJ \- A \)) 



La <1 a^J AjSjiajl au u AS±ui XO 

^\jua!\ AS JVJiytfl 

t .V^X 11 J ^-1±}I ) ^A ^LbalLolV^ (JV.VUdVI <:& 


Hi tilliA 

^ISlXc- j\_^j\j » US dj\55lc. .la^cLi j ^gjjiSJ UxxiYn (JIajj ^^^jt-LalSlI Cli^Jl Igjlc. ^ jii ^Illl — 


\,£ jlc- ^)j^a] 1 o^C. (J4] A xUA AiUaJ 


S\ \ ) 


(J-^ 




J|0J! ^aJJ a £.Li 


UiV! 


(J^nUljl Ajj-al_k dalj (jli^Jl (JjjIjoJ (_5^ c " ^ 4_m]l 'gjAt.s-1 )^ a .^jl ^ill (_J-Q Jj^xll 

.1^. ^Jj A^lVi/a Claims u*xi ^1 4 >l<^ a 1^. 4 _aJsi1a] 1 Clalj Cial^lxxiq uxiVl (JL^. ls^" 

ill) J;1 a31 

< dj Aj^laj J^nlali] 4_il]j (Jj'Wa — 

jai (Jaaj J L>^ - L5^ c " t iJ*Qg *Q^ ^-IVauxiVi J £-<a (JiaUt^jl (JjLoj^j IxY-iji QlL jI^AaII 

;^jI*-a]1 A^\ Uxi 

# jJa ^btjll • 

lg-Sj jJaJ J^A 3 • 

.(J^a^J J ^alxjll • 


•AJUJI 4 I^i'il ^un\ l 4^ u‘,'! l 



Jag 4 4,j Qj^a " iLaxuj AS±Si XI . ^uj jjj 


^111 Jajl j^)l jillj 4'i/na i^a^j .la.1^. S^)^£ -UjI J) j^ U^ Jjjj/nll ^IW'axxi ClaVV^-u) (Ja*J 

-xlo (J^la (jl <.** n*s JllcJl ,^l il • jnlUll JjjU^lU ^W'n 

# l^L<ua ^ij AaLjaVlj ^a j)g hxM AjaL-ial S&c* ^I'i^'i 


ln\c. j ^jjx^^x 



Jjla .12 j>— ij^l 

3 j.W.0 x xi (JjlVali t^LiLaVl I.AA t.Vte 11 oAA A -^\l» a\ ^~l"i Va 4_Lal_^Jl dilc-l^^Vi 
















LfcAjfa (ifciSjtiuM .13 

(JjJaL" \n AJjIIaII ^1i*jjj H2 HI cJjVl (JjJaJ! 


4 iLJajl AuuW ljIS-lul!) IjIaj 


i^yn J (J£U!La Ajtdaj ^Ac. c. t a\a,Va J dal^ u^i A_ujl^la A x^>lAH ClaljldlA^H } l-iA (_£_^)iuj 

# A_9^)*_a]1 

l^giljilj ^A-ulJ ^Lo-ulLall ^jI*_a]I ClA^u'l) ^A-aIuLa!! ClA^S uVill 
A qj^ll ^ij (jj*^ gjjia Iuj ClaL^^jjd^jl • 

^.w'iui ^ai j^i • 

/o.^a^ (3^ d 1 ” 1 *.- J .via 11 dale, ja^a (JaIaj ClaL^Lui^jl ^Jl u'^]l AJj^^Iij ^J''' 1 ^' 1 ' 1 ’A_1ujLujV1 


"(4 )"ixx) ua^ AjjILula ff ^ j’^aH IAa ^1 U u' L)^ # Aj j ILula (jU '^*.3 

11 IjAic. ^j^fLa (jl (j^AJ L>^ *(14 .^ ajaJ ^)) Aid^Jl oAA (jida j S&xl\ l^J ^j^fLaj A_^.Laa ^3 

_ j-ac. Jal.qac.) (Jj : aA*al A^ u'lill A j’ftj a ^Ljaall IAa iaj^)] A-Jj^AiaII 



A.aIa^a 4JLu-j ]^4 ijjj^ 















•JU11 lAA JjiLcul # ^-liia (jjAllj (3^ *■. A.WaII ^m'lll (jV^ 

# ^j-aLk <. QUial ^(j 5 (j^jl IxxiTl 

.GS <jA aJL^. s.vic. g ^yi* ‘i 

i(jj" 1 .. u ^ > l'^ (_5^ &Aic. (jj)^jxxi (3^ 

# Sa£j^II aa^£ iS ^ t3^-4k)^ o 

I^Ia ^_^3 ^jjjLiil] <Lls CIjI^jjxja JIaj lAA — (3 (3®^ Lf^) J ( ^ U^ I'Qg CljUaLi^jl <_ja ji A^.lj O 

;tilli ^Ic. j ClaULnll aAA 


x, j in V® 'parent(x) child(y) ^ loves(x,y ) 


l£Xu J 4i! • Ua J zx^)£j t dhhWj (jlAll^l x ,y Cy* a^Ij (jlc-l^s L5^ V ^>j 

<_j£aJ (_£a! 1 P (Jj^al c3^ b J p Ajc. V 4_ll^ (_£Aijj £_£A^^.j A_laj^jaiA 

# a£jja ]1 J^Ixi n (jl 

(jLnll (J* Ui ) W^J ( ajxA’n ^j] 1 J ^A oA^Jl (jli blila i t i^j a]1j (3^ ! 4 Ij^JC- IaI lx>>jl 

# liA All jll j& (_£a! 1 ^)Aj-a-q3l ^Ic. Aajx j A3 l g ‘*1^13 (_£A^^j (3^ X *Q '‘^aj^jAoA CIjI^jxja^ l^-ill ^)lajj V‘ 

a^i x*xi (ji l>^ ^as .^ic- j<; xxi j juLvi 


Ail Aj^VIj (_> u ^ A_i£j cA_liia ^ i^j aII^II <jl Aj£^H 

^3 LaS Aaja^a 



A.aIxi^A 4 ^j<ui XS •^ <ul jl)^ 
>¥» 

|^_Aalj (^Ail ^laVl j ^^Ixa!! A,^ Uxi 3^-VaVi A_iiiL^Jl ^3 A j < ij]^'ilAjxxill Clil^ j x'x Jj IaIaIaI ^ji Ix^ijl 

Iaj^xj ^l^-^jl ClL^-ix-al L^l /oA.W^H ^Ixxi-nVI ClaUaljj^y^ ^^3 (^bt^jl A^jAij ^.Kuu'i .(jp'i " ] \} 


















4-llc. (JLoaJjojI 1 1<q l)Vn ^)!l£Vi ^Jalll ^3 1 a ilVn J^i (JjlLallll (jl 3? 

^j| ^ja ( _j-axj i ~Q ■ a.' ' 4 lin^j^\l J ji ^yo\ <c. j-^ ^ Igjlj ^)laVI c_ 

j )Q q£ jjj ‘^J^jia jy* ' ^jiaVI ^L3 (_^ c - ^ ij-Ui]' 4 ^IViVI 4 j£J co^jjjS S^jli dill gilyiCi ' (* ^ ■'■' ^ ^jlaVI 

4_Aiaji <1 o.ll^. o^C-li ^jjjcLi Clllc. jAa a] 1 4_j^jiaj Vi'i . .' V v ' j ^c-li CIiLg ^IxaII (3^3) 

;(jLaJ jUaj £JS 

j! t(<c. 1 • 

^ au^i ^jl ^ir.j <UL^. • 


jlaVb Aijx^jl Jj* 4j 

: JU1! <31*1! iibl 

Person 

isa: Mammal 

Cardinality: ... 

Adult-Male 

isa: Person 

Cardinality: ... 

Football-Player 

isa: Adult-Male 

Cardinality: ... 

Height : 

Weight : 

Posi tion : 

Team : 

Team-Colours : 

Forwards 

isa: Football-Player 

Cardinality: ... 


Tries: 



A1 -Nasr 


instance : 
Height : 

Posi tion : 
Team: 

Team-Colours : 


Forwards 

6-0 

Centre 
Riyadh- SAT 

Yellow/Blue 


Football-Team 


isa: Team 

Cardinality: ... 

Team-size: 25 

Coach : 


Al-Naser 

Instance: 

Team-size 

Coach: 

Players: 


Fottball-Team 

25 

Artur Jorge 

{Moh. Khojali, Ahmad Al-Ajami, Faisal Saif. } 


^aliaj iJliLail I ^A * j 

j (?■& » 4^^) Football-Player ‘(^4 Aclult-Male <■ Person : u' ^ 

Saad Al- ( ijjj* lA j (?■& » Football-Team 

^ Riyadh-SAT kp j*jJI jjill j Harthi 

\ ^ L *ajl 

Ac. 1 Ajj^lc. AipaJI ^ isa t A-> a Jl Ai^ • 

. j^Pe. gjA AlpaJI instance 4i^c- • 

t>jS 1 1 'f~-V jA ^£Aia ;A_lic- I^A t iga (jj^uJaAll ^ j ■ F. A • 

_ ^ -- 1 . >i P* Ic-lp 

Saad Al-Harthi Forwards , Forwards is a Football-Player, Adult-Male, Person. 


•c r • 




t3^ ji diUiil ( _ s kl A * 11 Lo^l aJL^JIj isa Cjq* L ( _ 5 j3^1e UilS 

* . . " . ? * 
cilliA Aj-kl ill AjjujLuiI 4_c. jl i aL-a]\j ^lill Q * al ^fcjl tilliA 

# <C- jl c aL-all ^3 jjJaC. lg ^sl*a 1 Cs^ Ly 3 ^ ^-^jl 




J LjtC-^A^jl (J±i 




j [J^ J ij jjlj ^ja 

s jjjs yU£ jl (jjjc.!5UI jii*j (ji (jS^j Riyadh-SAT 

jli l lUa ^ Riyadh-SAT 

c_iL-a]l Cll^U. jT ’“' ij 1 ' r -Y^ • 

Jjjja 1 qjVUai fi 

tiilj 1.1c. Lq ^».23 O -0 Ajc.^) 3 A-3s U-3^ J ^ s qu«oll 1.1A • 

V l-o I^A jl ^».23 

\,n<^ i A ^ \^t.* 

all dl^j ^LA-uiJ I^Aj ^a.23 L-IC-V (3^ A-^3 <1x^3 tiilj (j-G 

.c3-J^^ cJ_>^ sHjLg_jLla 1I dl^JJ ^A«Oi\l cJx-^- 
# ^.23 (jjja dlVl^- (j-G <SU. ^)x^o'lll ^jlj ^.lan 1.1A 

[A l^WlrQ Ljjj] l-iA (_J^ 

^ajl >/T\ 6 J J A_C JrQ^rQ ^A L qllA^O • 

# A_jLjaC.I ^ic. ^1 a] (JlrQa'ukil 1 L_lC.^)j (j^>3 • 

(j-^j4)l ^)J.1 «g (J!lg i< jl A-C- jra^rall Ifr^lrGJ 1 (j>i» i tilliA • 

dlVl^- (j-o <1U. j .1^.' 

Ij (. qu«o ^^-IC-V (j-o Ac. JjjS (Jx-^ «3J^>3 L>^3 <. UxA\ l.lgj 

(j-G .l^lj (J^ jl‘i» 1 <- Qlnoftj L_a^XJ ^aSIj C i£^a]| C QU«oll • ^3 (j-G^J A KxaI^II (J^Jl 

# Aj 1 j .l^J lqu.r0 OJX-alx. 
;iil SjS jj3 U^'jf^tl) 3 

Class 

Instance: 

Class 

Isa: 

Class 

Cardianlity: 


Team: 

Instance: 

Class 

Isa: 

Class 

Cardianlity: 

{ The number of teams} 

Team- Size 

25 

Football- Team 

Isa: 

Team 

Cardianlity: 

{ The number of teams} 

Team-Size: 25 
Coach: 

Al-Naser 

Instance: 

Football- Team 

Team-Size: 

25 

Coach: 

Artur Jorge 

Ahmad Al-Ajami 

Instance: 

Defender 

Height: 

170 

Position: 

Defender 

Team: 

Al-Naser 

Team-Colors: 

Blue/ Yellow 



L-iluait jlai 

* _J Lil ^_A_uaJ IjlA J 4C q'u«Q ^juAjulVl C_i£^)a]I (. Q U^lll 

L_flUx-aV diVLa. ^1 ^-illuflVI ^-SjdLi • 

'< Qu^ill l^A (_j-o ^ajlx^**k]l • 

f C t " J> 

# C1j^^a] 1 ^_al^]l 4_Il^. i jl A^lj ^)x^iic. LoAic. i“ iW'i A jlx^Vl ^jall 


^Lui^lS ^jj)A<ui 

# 6^a j)g (jj>5Ll ^a£^J 1 4 d0 ,^ (JIa (J^J^ * 

# <jLg t _j^l (J£l (jl A u ^|1 -k <UL^. ^»jii]l ( _^Ic ^ 0*^0^ • 

Jl ^]| ^.LgjojI 3?^ JlilaVI tjiiai ^aJ^l Clll^jCG L Acl j3 • 

jxiall l_ 3 h%J .lei j5 • 

tjJtH ^aJAll 3* • 

.^ajjiil 3° l&l-La t- al i k ^ V I ^aiajj j Jj-iic 3^ 34L^ J.'"'* '. 

i ^3^ 3 i A_3^ Ac. j-^ ^ 3 ^ o.l^J j Ajj^lc ^jli A_iic A j j^l Ac- j-^ ^ Aj^^JI jy* ' 

)§lot ( _ 5 -aa*ui]l j 1 aij^allj bfcjjjii ( Jj£JaJ 33^“^ 3^ Ac j-^ ^ ^Ac j-^ ^ 33^ 3 33^3 


: JU1I 3 = Jjail 


isa: Class 

instance: Class 

domain : 
range : 

range-constraint : 
defini tion : 
defaul t : 
to-compute : 
s ingle -valued : 

Coach 


instance : 


SLOT 




domain : 

Football -Team 


range : 

Person 


range-constraint . 
defaul t : 

?\X (experience x .manager) 


s ingle -valued : 

TRUE 

Colour 


instance : 

SLOT 


domain : 

Physical-Object 


range : 

Colour-Set 


single-valued : 

FALSE 

Team-Colours 


instance : 

SLOT 


isa: Colour 


domain : 

team-player 


range : 

Colour-Set 


range-constraint . 

: not Pink 


s ingle -valued : 

FALSE 

Posi tion 


instance : 

SLOT 


domain : 

Football-Player 


range : 

{ Forwards , Forward, Reserve } 


to-compute : 

?\X x . position 


single-valued : 

TRUE 

SLOT 1 • 

.SLOT (3^^ LjVji • 

Jla-o aJ jl (3^ • 



JU. ^ ^All A^IJI jA ^)VVlj Jx^lj* 11 <ja c. Vu^i jA (JjVl L5^! f * Al ’ q J • 

# ^j^all ^Al ijj-aj A 'N.j'nll 

A x^All lg*jAj3 .iklj aAL^JI IaV.Ai L^aI, W'ixxil a^lcA ^ v^j A_jl^ A_aj 3 tilljA ^jl£ Ijj • 

A J-iVill C‘ n*s £ 3 ^aII LS^" . IAaaj 3 l_iLui^A ^puJajj L_lLui^Al A_ix-aLk • 

# ^)Ual ^ja La (Jjja) ^Aj aA^ll (j^nu^iVA 

.CIiI^aa!! <_ja ^aj|jl lg 'ia (JjAjaJ ^All <_£^)VV1 ^Al_j£ll Jj^iLxj (J^lV (JlalijVl • 

S^JiaJtj x_u£1jj 


• ^LAl ^Jaxj A_Lx-aJ aj-xA^Al J JjjaAl L_u£I^J 

.A-a^j^I ^C- 1 ^ 1 ] \A\l~i ^Ixai-nVI CllvL^all {^JlaJ M • 

^->g \\) ciAa!>l*Alj ^1 ja^.V 1 (jc. A m a jl£ai” • 
# A^^)1ixaa]I CliVL^Al (J>^ 4i^*-&)l ^aaj” • 


4 j* nil 

.A )* jjiJ-ill AJiAll ClivL^J^a ^ja A Uxi’i^aII A_3^)xa]1 JuaA !>Lx^al A_^jj_x-alAl A ,\x nil dl_j^la 

;Aj^)lai]l oAA ^-flljAl (jl 
.(Ja -^11 <_ja (JV^AjojVI ^-^_J (^ SAc-LuiaI! • 
.(Ja^H CIAaK (J^x \ (_jC- (Jq'Ux)A (J^-xaJ ^-ujLojVI CllvLkj^ll ^S 14J1^*1 uiV • 

^■1».a 11 (jA^j ^jjIa^j /(j31a Vi ^jjAII /(jllillj jl (JjAa-n ^y^.j (JL^. (^ A_j\j (Jjii]l (_j^aj |^)Vl u.aj m • 

.^i* a! 1 t^ilj ^ja .i^lj (_]j‘i a‘i Aaiia l^A (jl C t vnj A_jla 

;A_ALi]l ^ a A- a i V 1 Jllall cJ^aau ^5^ _)jl> ’iVl a_*A] 1 1 ^.iv ^^All 0Al^jl ^ja ^)j!i£ ^^3 4 _a, W'uxia Aj^lziill aA a 

.Schank A* 6- (MARGIE, SAM, PAM) 

;1jJj^j Ajjj-x-ajll A ja.y’ill 
aIiaaII CIjIa ^IxaII Jai^. A_J ^aJJ (_^H1 L_Li£^j)lj • 
# C1 jIj1^j]1 CIjIa ^1*a ^ja A m a A^-ja^a • 

# CljLiJJ^^jl ^>a ^Jax^jl j J.WaII ^jIlul ^]1 • 

.Aj'qj'q^llj SJ^-naII A ,\x \ jJ^ll ^JliIL^JI (^JaxIujJ ^!lll JIaoVI dlUajiaVj]! ^ja A_LuiLa£ A, Vi a a (Ja-^H 

A Vi A A ^alxxl'NVl^ • 

• 0^.3^^ Jl (JV^-SVl A-C. ja^a ^_ja • 

: a^j \sby\ juiVi aJIg! 

Atrans 

^^Jaxj - ^Ac- (JHaj /aJ^)^A <3^lc. (j£j — 

Ptrans 

# l_iaAj - l<^ ilA (JHaj ^axxi-N.1 jjA-all ^3 ^a] 1 (J^j — 

PROPEL 

L5^ c ' cJ^ -0 J ^Ac- A \x \\h a j3 ^niaj — 

Mtrans 

- ;tiilA ^gAc. (JHaj # A_il^3tAI CIjIa ^1*a]I (J^j — 

Mbuild 

J ^gAc. (JIAaj # A_aj ^3 ClalA^LtA ^ja aAj^^ CIiIa^Ixa a.Lxjjjlj ^-l.Vnxxil — 

SPEAK 

cJVA-<aj cCla jxa ^)l^j-al — 

ATTEND 

/aAALxAAll 4 ^-LaIujVI - ;ciilA ^ (JHaj _Ia J^^a ^Ac. alyijVl — 

MOVE 



_A_i£j ‘4 r.*\\ _ ^Ic. JllLo j t jjJaxIl C-l^L^a tjj3 Lo - ■ ■ ^ jjJaC- AS^)^. — 

GRASP 

_^Jj«sali - ( _^Ic. J15-. J .c-LboAl — 

INGEST 

_^JSU _ *<ii]3 ( _^Ic. JliLo j iJ^lj .'.Ml — 

EXPEL 

A_^L^JI c- 1 ■ *a3 ^Ac. JliLo J ^_y& e-Lljall .'.Ml — 

;AIa^. aJAli-all ( _ s ^ CliLixiill <c- jy*~' J tj-^ A jjfi AjjLZLjI A yj - ■ < ill i ■ *al AJL^j 

pp 

^aJlc. ^al ■ ■' ^ ' — 

ACT 

t ^gjjkai ^Jlc. t _j^i JLftC-l — 

PA 


*L^I 




AA 

_(JLaC-VI [j^alji. — 

T 

_Cj 5 jll — 

LOC 

.£* _^JI — 

1 ^ JJ e-Lui^l fiA& *■ ~Q f~’ 

: JU1! JIU! iaLl 

lS 


John « ATRJ&ffi>okr^ 


from 


to 


- Mary 
-John 


J _4 ^ n\l fiL^j) ^Jl ■ X ' ^IjoU 

0 

R 

t aLolLq — 

1 

_<axl^jlj 5 — 

D 

t Clm]l ^J) ujIa^JL ^ic- Jlla j gA j . A^_^. — 


.(ACT) (PP) U 'T^e Jt (JJJ A-^.jA_)«)l t _ s -l) JAiij (4^) Aic-liJaeJI ja^j-aVl 

iJ^xj <jl lAA ^jl ^ 1*11 A£- - ^ 7 - ^ i^yet 4 ixua ^JLac-VI 


I A ^^9 A_i]lii]l ciN-i*-kil Schank as j ).i^. a ^ l q - j j ciis^JI (jl 

• U ‘ ^ ^ ^ 





f 

t 

Jlajjl — 

t, 

AjI^j JlaijJ — 


4 jlgj (Jliijl — 
k 

<f 

al ^ q" ■ ■ ' j ' -ft - >■ — 

/ 

( _ ? jU — 
delta 

tdlS^ ^jjAj — 

c 

>C5 JUJ1 . > 'x.>oV l i lljl ^IxJ LS^ ^)a1uj^a] 1 C_lLiC. 1 4 J-n'syLa 

: jai£ ^Ull ^jl! ^ ^\ ^^0X^1! J1A\ ^ lil 

;^r, u^k) (_£^)Lg ^JaC-1 


JohiP<£> ATRJfrffix>t^ 


from 


to 


- Mary 
-John 


JA LJ (<=*) JMI ^1 .PP <^ACT . : >1 -ACT * J-& j PP ‘(ACTOR) ^ Ua 

. PA < p > PP : -PA ‘AjI^aU.j t PP ij«ji jjj jkl ^ -W j 

- *td]j ^^ic. (JliLaj _ j^ajJaAll ‘ " ' ' iJilAJ I A 

lccturci'<=p»-Sami 

t £^jljjjill kilpjl t:4 ^Qr_Ji kilpjl .4 ^ , d' tJiLa cjL-sa jVl jp ^TajeLii CuLziiA! 

^LiLo lg_J n-v _CjL 1 ijVI (JLac-V^ jp CjLjj4)l ciAlpjl jp .ij j^ll ^IUa 

*cd]j tJlLa J 

t l.ip u' djja. ‘JjlaVI _ja height(+10)4=f»-Sami 

. JaxJI j* j^ail j! j^-aa height(< a ve rage ) <==^S a m i 
. >2 >ij jl d±p Jc. health(-lO) <=f^ Ali 

. ls^ .j^'y^r u' ‘-y^ ‘ j 2 j 1 ® S 5^ , ‘— mcntal_state(- 1 0)^==^Davc 

k«jL AjjUjjall 41IU. jl dip. d 4 j^a jJI physical_state(- 10)<=»*-Vase 

.Aiiuii i^a jj]l I^a (j-o_3 (Jii-o c-Liiaii Ji 

^u-ol (_£^La Cjy^ :J^ cJ^f^ ^Ic« 


yesterday 

John <£> ATRjfrflfcot^ 
P 


from 


to 


Mary 


-♦John 





•d A CjlLulaj 

( Meaning Analysis , Response Generation and Inference on English ) MARGIE 

^-3 — 

{Script Applier Mechanism) SAM 

AJajjja^^a — 

{Plan Applier Mechanism) PAM 
I ^^3 \ — ^a_a]I Applier ^ 

CjUajIa^Ail 

A_l^.^a ^<a AjtjlLa]! Lil A_x3 jlLall L_flj^)3a]l A-C. j)^-^ i ax«oj (_£.l]l CllLiLnll ^A A_la j)3a~L^3l 

^3aVi _jl (j_jiLui]l t^y* (Jjaiij Ji (_j£jaJ l$jl La£ # £3^JJ J (j^JaJ (_^i3l elaVL^Jl A_LulluJ jl AAjoiL^)! 6^)5)A] SAjLaba (_£ 6 

# Loj 3a±i .ic-l (j^3 

• SAiLa CjUajja^ail 

JaLajl jl CllljjAj CiAJajja^.all ^3 ClllA^Vl £AJ • 

.dllA^Vl (JJJ Ajj Uxi Cllli^L^Jl A^i CllUa j 3 a^-all ^ • 

.CllAq^jl j 3 ^J ^a-uU (J^^aII iaj^)Au A^j CllUa ^3 • 

^3 AjL^jJj La C t 1 \\.3-a LaAic. - |tii]j ^Ac. (JLLaj .CIiIa^H £AJ LaAic. Jaj^joAl la ^ CllUa ^Ja^all ^3 • 

# C1uj ^£_j!LoiJ La (J^-^axi LaAic- jl Ja3a^-a 

: j' Ai ^ Ajaj 3 r\ ljUJ^Ls 

Jaj^xlu 

aU jU^^ i cj! A^SM ^-^ 3 ^ (_ 3^3 <j! s-Aill ^1 Ja^^jAu — 


& 


jLL 3 ! 


.AJaj) ja^k^ali ^3 CIiIa^^M ^^3j .Alj A -s. ^jl C t vn ) Ja^^jai]! — 

^jlc.o31 

.CIiIa^H <_^3 A^^IlLLall ^Laai-nVI (J^-aj — 

jlj^l 

# CljlA^.Vi ^j^^)IlLla] 1 ^al^AxiVi — 

^)Luia 31 

.A-IajAv^ll (JjA i dl\jj£-a ^3 AJ A_ali^a]l CIiI^LuiaII .AJa^a^-all Ls^" ellls^llikVl — 

A&LLlaII 

? * * 

L «alll A )» jlll <J£joj A_iiiAj<i Clll.1^^/1 A_L-hL-u — 

; 1 _jAjJaIij t C g j ■ ■' aJ^jjoj iJiLa j_j-axj c c ■ ^ j ^3 a J jLq CllUa jl-tA 

t C jUii .1 • 

, JLallj i_l j_>%JI • 

(Jj£j ja Jl Ua 

. G • 

B tA nij-|JI • 

. C s-ijjsJt • 

JjjVi 

.S • 



. M “-“I j ^ 

(3 ‘- 1 j ■ til ' 

. P ‘Lp=> >«J' 

^^fL] -iij 

.J^S 
.f^S 

J5 ^jUUl 

.^i JU Jiic. S 

illjJalc. Q 

. JjAill i>i 5JU. ^ M 

. jUl! (JjliaJ P 

J i ^_ll J 1 a 0 *:4 ^ V- J ;^LoUi 3 *^4A 


t ^) ^3 <■ Q - ^ 4_LalS]l 4 1 -ij l-i -k 



Sciillt: ROBBERY 

Hack: Success fid Snatch 

Props: 

Roles: 

G = Gun 

R= Robber 

L= Loot, 

M = Cashier 

B= Bag 

O = Bank Manager 

C = Get away car. 

P= Policeman. 


Entry Conditions : 

R is poor. 
Ris destitute. 


R has more money. 

O is angry. 

M is in a state of shock. 
P is shot. 


Scene 1 : Getting a gun 

R PTRANS R into Gun Shop 
RMBUILDR choice ofG 
RMTRANS choice. 
RATRANS buys G 

(go to scene 2) 


Scene 2 Holding up the bank 

R PTRANS R into bank 
R ATTEND eyes M, O and P 
R MOVE R to M position 
R GRASP G 

R MOVE G to point to M 
R MTRANS "Give me the money or ELSE" to M 
P MTRANS "Hold it Hands Up" to R 
R PROPEL shoots G 
P INGEST bullet fromG 
MATRANS LtoM 
M ATRANS Lputs in bag, B 
M PTRANS exit 
O ATRANS raises the alarm 

(go to scene 3) 


Scene 3: Hie getaway 
M PTRANS C 


jtliUa jiaAaJl Jja AaSUiaVI CjUa^LaJl 

Auxj jl JaijaLiill j 0 1 . ) Ajli A jjx ^ A_]a jl->A ^ jiiWi • 

0^ 05 A . Aja^jaA-a]! (dlL A ^^9 J 4 lij I-iA j ■ ^ <JL^. • 

/ jjj ijJ 

_£uij 0^ L , } A_]a jl-tA ,a]l it * A q, _L ^ jjJa j>i]l ^1 tjl^ i _^3 • 

A_1 (jl jl j (jl ^3 A la-jLu]' il -v ^ dlUa jl-tA ^ya, j’Xb ^ ^)iaA]l • 

dllc-lAill (ja ji AjuLill A_^ jal ^j]l 

3 3 AS^jjoj - J ILg C llUa ijJaa ^1' ^_y& AsliAx ^Ajolj JS 4 q\" A ^ • 


■ ■•Mkjk-v .n CjljiAja 
£9jJ AjilS-J • 




As^ ja~\a ^ja \ /ti n ^3 .li^j tiLojLalLa • 

;Cjl-uL^3l 

(_ja AjI^ojoi (Jsl jia'i • 
(Jj'iaM 4ft U Aid V *^3 • 

EnCFClopedia (CYQ 

^lyruxiVl ^gajlx.^vN i-*\Via*i 1^. a^)±lS> A^^la S.lc.13 (Jj£joli] A ^. jdL aJjL^-g • 

Ac. jjoj^aII <_ja ^^Ijalc. J^n o^l'vNd AJULd AjIa (_ja A^xaSI Jal AlLoil <jl£ AJjL^aII d^J cJjV^ 4 V^Jl • 

.( Britannica) 

• 0^)jq^'n ^aJ As^)Xa 11 ^C-jj ^ja (j£ • 

^aC- Cll^AJ ^alc. <jl lil^)3 lijl ! A j A-ii-odal! AS^)xa] 1 ^ic. (JllLdl 

dj ^aj IajI ^)aC. (ji ^cliL-uj (jl (_j£aj ^jxAia^l ^jil 

Li^Iiillull L Q ^ 

;(J!lq dllaAluLujIj 4_Aal_i. AjliajJi a Ai^)XA _Laa3 ^)a^M L_lllaj 
# -la^3 oJL^.1 j fi^)A (jLuiVl djj££ • 

.dal* tal IIia ^jLoijVl • 

> ^_ 5 Ju ^alaJI c -” 1. 1<Q ^ ^-iLal^g V • 

^iLalLoU V (JA^ • 

jSjjuSJ) AijJLAi) ic-IjS cr l£j j JL&1 
4«UlLu^Jl 

Ai^)*_<ajl .lc.lj3 # $.l.lV^ ^3 L_flxjJa]lj diVl^ii <jj)» ksi c. t ulu ^ # 4_ioiA jm.*i A .lc.1^3 — 

# (_£^3l (JAojl l^£.l] <jl C. t VNJ (_5^ c ' ^ JUdll 

(J jHa-Alij JS-uJ) 

^il ^j\ (_j£a J dlljAJJ I jlgj) .^C.liLx.^Vl $.l£i]l A dJViVi. j uAid ^j^fLa V .13 Ai^x^ajl (Jjjaj — 

# (J£joJ 1 ^^Jc. jAJj iS Ls ^\ j ^ jI^aII ^ djUjx^ajl 

A-SjIulaI] AijJLA^ 

.A^^AlaII Cll\jjJa^)i]l J .IC-l^lL A aI~1 "iVI JU^y ^A-ulJ ^jl C t VN.J — 


vie- J- ujJ-a]) jidu 4 iuS 

.Lfj±! LK4- 3 • 

;A_ill!i]l djlax^ll l^J 4-LaL^jl (Jj ^^-uj <*J ^I.^VuaiIj • 

.LISP o 

^Lyi Aj^laj ^a, W'u/l 0 
J^xl^jl djl^l^jl L^)Lj ^a, W'uxi'i 0 
w"uj.i‘i o 

# <1L^]1j ( jj)Ax>ia 11 Ja^3 (Jjj^ -LjI — ^Ax4ji Cljl^l^jl ^W'iui'i 0 

Sjjr\ti A 4^ # iSfl 


AaSL* 

cKUa liA (3-<^*lLd Jl L <i^ <1 Luia ^1 ^al tA3^)*A (jLd ^ji ^ lidslj 

— A aJViV 1 ^^3 ij^\ (^5^- dboiSjj ^Illl djljVq'ill i^ja (js^x }W ^I.^VuaiI A j^j^ ^3 C1l^j^_uj ^x^ll liA .A A jLc. 



j-G (J^L^o-gI Cblx-ajJ j j-g££ olIj tillY^ tojJxA AJC- jj ^(Ij-aj 1 lj Jj jj Jill A^GJalVl * Igbl ^Jc. l&-^^)*b j^-GJ Jlllj 

. ^aJUfcj! 

jjxA jl L-inJ^jl (J!Lg^ Aj jbb o jxA j j-ax-aA‘i t. t illAVi oblc. Jillj Aj'qjq*k (J^Ijx-g (J3 ^ Sjxq3l A -g)ViV1 

L_ilc.l A3 jxa11 oAA # jjbb (Jl jjxAII j-G Aiijl*Jl Cblj A_3 jxa 11 j 1 jA'uxi] Vjl jJ<uJajj IjxA I-gUslI c-lb j^lxAll 
Jli^ll j-G V-^J ff ^I^jVI A^l j3 " oJ-g 11 CbULnll Jc. oAiLui-G jjll j tAjtJall J j^lJojl jjUa J jl^-Vl 

jy’i3M L-JjjojL^. (Jj 3 j-G tiilj Alj Ij^l^xluj I j£-G-G jjA^j Lg A^JjlaJ jdxAll j-G CIiLg JxaII (Jc. (J jj-aaJl A glla^]! 
AijX^ajl 0^c.l3 £.lb J AijXAll ^-IjUl Jfc AijX^ajl Jxi.Vlg,- Q A_-Gg_-G J^na'l .A x-oIA 11 AjjxA L-llLbjj tA_XLj-a AJGg_-G Lgj-gC- 

/o jj iAll ^IVill jj-xj (JiLgj Jill 

L_lxj-all j-G )j J ^ 1 1 jV Jija. (J^xxnj cillj jAa. Sjjb jja-i (jl cJ-gIL^-g]! jjx j-G jjxA ^aUaj o-lb Jjl aJjL^-g jl 

oj o ^1 A»,Jg jV tbiljj . lg Vi'i^-g Jll j-g 11 A K xxi-qjl (jji^j (_)Al jjbll (_]b (j-® A^g.^AAxi-qII .ic.ljll j Aijx^ajl jlaxl jl^-GJ 

lilac's ciilj (Jc. JUg j ;1^gLgIj 1 A^jjlaj jjj^AiV ^agbl A^jbl ) x‘xi j \\ lAa. A lg xxi j.lb jl tljjjib jjjxbuV .lc.1 Jll 

Cblii\i]l j-G <. allA-G j jJaJjC. ji j-G tdiaxll j-G juilj (Jla. ^ ojxiAll A -g)Vi jll A3j*_£jl L_iLuu£l # i^_flj*j j-G a j^jl 

-b t jdjll A_LI£-g j^G A^. jVi.oll CIiLg ^L t^jl (_5^ ■ ^ Vi x xi Lil jl ^-gj a\\ jpa Lg ^- aC. C(JL^ AjI ^ic- a^^ja^Jl 

^j i^ll ^a\.]^\l] jjUKJl jjjl < G»‘ixxi < Gll j ^nbJl jpa (J^ ^1^)1 ^IjIujVIa jl J^xxi; lg Kla'ij l^flj i 

A_jl j>" IJ'S.^I Aij^)IaJ L_1jli£-G _J\ 1 -N.il ^Uaill (j_j£j (jl ^\g <g! 1 (j-G t^J^XG ^ j^-G^j (_£^)l^)£l]l ^)Jj)Wlll 1 AA (Jxg C5^ 
(JjJ.Vlg .Q J ^Ck Ixxl^jl J ^nbJl AjUlVnxxll ^,Jx>> jJ ^jjls (j_j£Lj jjl C. t 1~N.J ^aUo'lll ^Ajjg XX) t 1 1 J ojlyi^l 

p.lj^.1 jpa jjj^JI A_jIj^ ojlc-1 jpuJab V (jl *> % 1~>J ^Uaill .ci^l AxLgC. (J A 1 UxiVl A_j\_^V 1 j (Ai^x^ajl 

^^l-gU^JI ^.1 j^l ^_»Jal^G yZax. j c. Q.W jl AiLiJal Jaa3 - 


A ^G^’il ^-g ^ jl-Giillj Uli2kl j) ^c.1^3 Ac. ^ g^-g ^A a^naJll A.^gJ^'i jU £-*^lj ls ^" A_3^)*-g]1 (Jjxgj J-iJ-a'A.^a jjj 

(_5^31 (jJ^Jl bjl (j>>» Jl Jaa3 Ib^l j)j)^jxxi (Jj — oAi^Vl CbUlViUxiVl ^.3-aae ‘i j)] ^C-l^ll ^-gj ^^laVl 
^khill # aAA jJ^ii (J-Gxlub Aiilx^^Vl Cbl lYqjll # L_fl3 jj Jl Cbjl Ja j J gII (jl Jla. J L_fl3 jlill Jl ^-IVnxxiVlj 
AjuIxg] J jjx ^>^V1 Lg^-gC- <lj)g xxi ji Jj.^,111 *4)^13 j t mi c^Jliq^jl j)J*^ jl ^c-1 (_J-uj 1 (J^ Aj iji^gII 

JgC- A-ilV Cb a-UaC-l ^3 J«-b-b jjl (j^bj L-iixJjjl lAA ^IjI (jl t ^)a ill aAA ^_^3 ^I'lV’uxiVl j )j^ Aill AajJa L_b*jj 

.^1 

A xxi.Vi^Jl j CblxJaljJl j c. t 1 J-all JIg abJbxil CbVl-^All ^3 (J^LxjxgII (j- G A_3«_ullj Ax. ^G^-G Jwblub OJ-1.lA.ll A .gJViV 1 

A .oJa'iVl J^xbob t(jL^-G (3^ j-GjJa .^ll..J^l J ^li^jl J (jjl^Jl j Jg£^J1 j Cblxxl^jl CblixLa ^lc.j 

* jpuJalb JSLLgII jia* J # A qliA^G ^Ijjl j-® (J^Lxjxg c3b3 o jjiAll 
^jiajAll jl b llUall UaA ;Lg ^»Ua3 L_UC. ^Jc. (JULg J j^ijAxxijl • 

i(gll #>> A^Aj 4 )l A iVl tL_LujljJl A_Aiaji^ ^XGj-^ijl • 
^A_ia.j]jX^]l CbUlJl t J11 g] 1 (J;iXaJ ^Jc.^ Jjxx)\lJl • 

>>" 1 n<; ^ jjJa jaII IaA ^_^3 l_u£J1 (J^ . A KxxiaII (J1-^a j-G A Kxxi-oll ^Jc- J^l b<G*l^ 1 A K xxi -oil (JaJ A^gJvLg]! Aj'iVill 

. ^x^l j-ajlx-aA. ^Jaxj <j31 ^VlVixxiVl (jj^a j uiil j*^jl (Jjxgj j4g 1 Aj Aajjla (Jj^- 

S jjU^jl ^la^jl 


CblJalaA^jl ^jVn j AjlJj-g Vjl .ojjU^kjl A -g)Vi VI Axlb^j ^j-gx-o'i A_bjtbl ^J^- j^ll jjx-ob i ( a jaVuxi ^ xxi a 11 1 AA ^_^3 

A -g)Vi1 iA | j oAWa (J^l-x!bG(J A-gj!>Lg o jxlA A -gJViI jlj'iAl A_bj til Ji^lii xxi j^b -b ; jx^jl ^Ua\lj A_iuil_uiVl AjjLgxaII 

-ig j^5)l 

SjjjAll A afcljU Aj jLoxaSI Ljl^ahA a!1 

• A-JUll ^A j ^xl^jl jjjLujI Jc- Aj'iIxgII ojjf^jl o^aJsbVl J J jb Jill A-lgA1 jj£V 1 CblA^. jll jjjj 

* jj^ jl j^-^ J^^j J-^^ll ^a ^a.^Ck IxxIxgII IgJjLA j-G (Jc.\i!b (jll A Ix-ojll J I ^UVlll (Jc.li!lll A_L-a j • 

JJ 11 o 

A_i*_ixla AjlI q 

# (Jc.lllll j-G jAl L_1 jlxjjl jl jl o 

• j-G (J^ j-G ^Aiabii (J-Gxiuij jjlij JVbi^yi tilja-A • 
# ^JjU4fejl j-G l.gjlc. (J jx-O'S.ll ^aJ (j3l) A Jx-Ox-oA'lll A3 j*-g11 


o 



o 


Ll^j^AJ A Ix-Ox-O A all A 90 *_a ]1 \ g 1^ l\jA\ A m aII A KdiAill a A »«ol ~s.ll djljlj^l 
^ Jp_ r pp^[^]^[ ^ c^llAjl — 111 9c. 1^9 (j-o Ac ja-^a 

: c> 0 0 a jJau ; A m aII aIL^JI daliLiJ 

a9£Lijaa]1 &9cLaaj d_a9j j ^1 ClaULnll q 
j J^ajxxij ^aUaj ^9 .CljliLn]! o9A <^-Ic oAilui^jl (A qjq^kll djlc-l^^J £a Ajjj^JI^ Ad^^Jl dal -^LaYu^y i q 

.Ajlxill o^^llll ^9 0 j-al_i*Jl (Jj^Uai A m .all aIL^JI daULiJ t9cl^gjl (JaLaI ^lc ^ a a a AWa 


‘ ti > U 1 ’ 1 ,j_ 




S JJJ^ll ^lalll A.jlU .17 f-uij3l 

^ajaj (_£,1]1 J C(_^C09 ^aUaj l^J o^ndll AAJVaV 1 (3^ 1440^4 ! (_^0all 04 jaAi] 1 ^Uaj • 

a AnuhaiI ^jUUdoal 

jl A90 *_a]1 0 JjYag A 9cLaJ (^lll ^JOlLajVl A90X^)l 00 ^»A Idaji l^J A aIViV 1 i^jXlX ) ; ^_ujLujV1 A90*_a]1 00 ^»A • 

4_90*_a 11 ‘A 'aci t Q ^ 1 jg i n ^ 4 Y.^cC* <1 i^inI I 

(JA ^l_Cj £-uj1j (3L^«a (S^lc^ 04^11 ^al.)Vall l^_J £3^0^^ J 600-^11 A aI^ \ y ^} oA^l j Aa£a 004 a 

(jjAL-all ^9^ Ax a’I-naIIj -»l_*Jl 1 11 Ac ja^a (jl # oA Wa A 90 *_a] 0 * kst\ daVL^A ^1 (Jjldllj ^•l.Va'uxiVl daljVq'a 

; Jliillj ^Usull 9 q ^ y u ^ (00J La£ (3^4& ^^-A-d j <^9 Wq'aAll 

3V«dujV^ d]0^«A 0 • 

A90*_<ajl (Jjld J-iJ'-iAa • 

^AcLaxa^JI Alx-a j • 

0Jjai^) 1 ^aLlaJ • 

> ^ 5 -jojL-uV1 00^»a UU^.1 j • 

JaladAll^ (J^jg ll e9l C A^j J (j£aj (j^4 t^liLa^ 1 g 1^ L_3^ila-«a]l (J^ll ^_jda]l .^1 'll 

<9^)» xJl a Jj^j(Jl 4_2kl "a^'i 0^-j 1-Q (3^ ^ Kxxi^ll tiila ^C-j] ^.j^kx^ill jldjl 1 n^-ax 

l^i>a jLaxl^j .(3^LdA]l Cy* 1 gl'a^/a ^aJvLo lg 'a/a -1^1 j (3^ Sd^C- o 04^d ^Jaj tilliA ^Ajx^x^Vall 

t ^)jj)3Vall diSjj 10^4^ L oj-ac. 4 qKll ^j>>qVa o^ndll 4 a!~i aVl Ajlli£i ( 3 ^jg,ll 


4 Kd^ji jLnd] 

^jXix ) t Jd^j! da^l-^j 4_al£j]l (_£jlij] # (3^-^^J <di9_^]l ^j-«a ^j'a^ll ^ aP^'a'a Lq^aC- 1 ^nd 1 ^Uaj ^jj^Iaj 

l^liill ^ ax^i*\ coAWaII J%^ 1 j JjIuiJI JaJ AjjojIIa ajid ^Jaj ^1 Aj.^o! all ^(3^*^) dal.Ajl»,“all A^ja^a ^.l^dll 
(jl AjV . 0 Jj) 3 ^'all ( 3 i±Luj dal^jl 00 JJ ^ a-^j o^ndll ^3^ all ^al, W'uxiIj La A K *La (3^3 A ^ 1.^11 • 

^AjjL-aliSl ^ildJl jOki^jJl ^ja ^jjVa tilLiA 

l^A l)^ 3 *^0^0^° ^ ax^nx^T^k all <9 ^)*_a] 1 1 jj .<Jjl)-aAll daVL^Jl ^9 o^)93L® d ixiijl AdLudVl 60f^Jl • 

>. t a)^Jl j Jaiill c. <al d^'uxil ( 31 a daVL^-A ^9 t^L^ AjI .0^f^ ^Llaj ^j^l ^- 3 ^1 1 a'W (_^9^duj l^di-j ^ 'a* jV 
tiillj t jid ^Ua3 (jA (j.^ajA^) 0 *-uij l.g jlc- 3*-°^ k 3 (jl (j^dj (^^lllj fi 0 *^Lj A Va^jl A9^)x^jl (j0^-J *^3 tilLiA 

# ( 0 ^<X\\) Ajoiij ^n^)] 004^ l ‘i.all^'a ^ 94 ] 1 >1 *^11 (jj*^ ^1^-1 ^1‘a*^ 'a LaAIc- 


.Aj» ji 4 * iDk’n V gji 4 ** ij*yi . 33 * 3 ^ ^ilfllill kilk^- 3 (Jl^a.'utul i (Jk ^a A KxxiaII fl 

1.1^. A ji« ks-i 3 * 3 ! (_^u^]l A_a^)*_A .^al^JI (jjiq3 4a^)*-A 3* 4 . ilWn Vj Ai^. 3 ^ xxn S^Jaj^ A K xxiaII 3] i 

3^ Ij Uxl 1 g> )J jg kSl ikLiA^ ^gjj (JaaJj 4 3$- u) ' A-il^ A J ifo 1 (J £-G 3 A ktj]l (j^ J*^J .33^1^ 

A \K xxiaII Ai^x-oll 

3k 3* c^lliA (jlk I jj A_jl 4 “ n^^Aj.^jVq^^ (j3 a 3kklujlj (J^-uj 3^xk 3k 3 (j^ ^ A K xxiaII fl 

^nk ^Uk 3lo*iJ 3^ A -nI^H ^,qVn A_jla 4 A Kx*i3^ ^gjLxxi-w 
^-33! 3^3^ ^j^)jaa ic. ^Al (j-o (jl c,** iJ^.i.(JJ)^*^^Jl]^ J 3_J^3*“ 3 ^3 ! S-i^fk]! 3 jli i 

^g-3 ((^Jkk^ (j^^klLui-oj o^)l^V ^Ik^j La£ J 1a« ji (jj^q'u^ll j co^C-Luikllj (j^k*! jjjl 3^)fk]l 33 

.<i^L (_ 3 ) A-iji^jj 4 aai^A 

3* Ak^C. S^>fk C t lUkn ^jl! L&klJ! ^gil 3k L^j .^J^x .31 J . yA\j ^-^31 3* A Kxxi.aH (j_j£j 3] fl 

t (3 l\c.VI ^5^" ^-^Lk ^la) ^3^ ^ix^aS ckaj (_£^)ku]! L>* >> . 3 ^‘ 3 ‘i <3^J t(_j-a-kakj]l 

A_lkuk J jj 4 3^ a 3 <3^ ^Jkll A jVq'il 3 ^-° L^LkuJI (3*° _JJ* *■>"> 3^ u' ^kaijjl 3* 334 3 

^ic. S^kLuiki] t 3H3! 3nx, (3^ 4 A_AlkV! (J^iat Jl 3 ^LiA ^,] < lO> , ‘ 1 (3 3^3 A a)" 1 *lV I 4 A_Jjoi11a 

4 A aJViV 1 oAA > L_JjjojL^J1 A a)o'i 1 3j<S a A *1 (3^ O^kkuikll J 4 l~xk\W L AjIaC. ^3 ^aVi (^^^ dllllxll 3,l'kl 

# l^J 3^*- 3 jojV! 4 3^31 (3-a S^ukS! ciiliAkll 


Aija-oi! A^uikA 

^nkJI 3 >a Aijx-31 ^ 3 ^ 3 J)*-"»'n 1 ) Ikli ^uk ^aUk A_la-ujl^j 3 k 3 A_Jj-u 11 a 3 ^ x *i 3 ! j! aJLolaII ^j\j 33 U^ 

f.\/ ^nkJI ^a ^)a!Lula]I 3jWi]3 4Ai^)3LA]l (jjj.Vig a AqjJo j a AA /o^nkJl 3 ^iA ^llVutL I^^jlaJj 

.U^/^kiLixAJlj 

• ^1313^.1 (_ 5 ^ c> 3*^^ UJ^ U >> . 3 >J < ^c»l i3^x^V!g.l^kll A a 3k! A_^-a^)Jj 3,i : iki ^nk ^A Ai^at-kl (j-u.Vig A 3 ) 

# ^j^)j1a 1] ^(_^^)kl C 1 j 1 j 3 j) L_bajll3! 3^iA ^jlkkj • 

# ^nkll 3 -0 A-9 ^)*-a]! cs - ^" 3k -^ku xi Vi • 

' btj&j a A ij*_A o^c-la ^a Aijx- 3 i ^ iJ^'i • 

# a KxxiaII ji aJLulaII oaa (j^ikj Uua 3.) . 1^*31 33 -0 C5^ ^klA jbu* ^ i a_3*_a] 1 ^jA.Vig a (_^3 ^a 

Ikjl 4 a KxxiaII 3 Uaj 3 a VI (_5^ 3-kli (j>»» ji 31 Vji Aijx -31 (jA.Vig a t _ 3 c " (> . 3 >j 4^)jikii 3*° A-s^>*- 3 i ^i 33 V 

liAjk'n CliV-jlkk ^ '^ x A .A-iujLxjjVi jlkaVi 3 3^11 )j J k. \i ^a ^K*n ji A-j.^ig a'iII (_j-aj_x-k]i S3 34 

^ ^-ji3j ^A ^.^k'l Aij ^ 3 3j^.x>» j 4 $\&*}\ 3j^ aIIaVI 3*° AkailuJ 3 jJJx>», 1 ^.i^k]^ .^ifkli ^-A 

^J lkii ^A qajLjj 4 Clji^ Uxl^’lli oAA 3 a ^LaIc. ^C- i ^- 3 ^^)kjxxl A_3 *_a] 1 ^JjJ.Vlg A # A KxxIaII oAA (Jk 

3 jktj 3 axXi,i 3! 4 > 1 -n.j 3 U i-k 4 A_j i.^ja.xxi ^a^VixxiAll 3 ^ (3 i 3 oklaVk jmj ^aUkli 4 Clilq n)k\l 3 £i ^a La^ 

3 kJkj 3 ^ *■. 1 >J A^UVi ^)Jj)Wlii 4 A_a^^a 11 ^ ^^^Aa ^A La£ # ^Ukil lk^.V 3 .^* 1 ^ a \ i ( 3 3 ( a ^k* 1 x xi a \ i ^a 3 -°^ 

^^C.1 j^i A-i^VL-a (jjakl^ ^.i^kli 3*® l£ (jk _^kll cillj 3 z 3 *ki J (_^ji^)ki jliikij J ji J- j ^kl ^J^oili jjjWi'i 

Clli^jJ-ukj p-iji 3c. 3jkai^) ^jljj 43 3 _jj_jkkl 4k L a jla 3 ) 1 ^aA ^j3 U^ ^aUkli 3W (3^^3) 3 ^A A kkxi 3 ij 

3 ILa.V^xj 3 ^ 3“° ^g*il.i^ 3$ iXxi j A_ik^Ji ^a ajLjj 4 a aJ^ iVi 

3Vk^Vi 3k^J ^jVLaII Ai^)XA]i 3./ 3 a*i 3j^ Aj3ja CjIj! 3 . W'n 3 ! A^^tAli (_^u.Vig.A ^3^ 3-3^^ __^kli C 5 ^ 

Cjljlja jl'.nkV 3 ^-^kJi (^ 33 ^ c5-«k»Vi '\ijV 3 ^ 3 a V^ k ^IjSJl i>^iA ji 4 ^c.ij 43 ^ i^f^ 4- ( 3 ^ 

ClliaC-i <1 axJ-ula] 1 33^^ ki # <aL*J1 A KxxiaII 3 a ^3^ 3^ ^3 ^kli 3 I 4 " 1 j*s 4A_lxjjLxjjVi ^aJA-x-kli 

^ 3 ^ lW 3 ^ 1 ' (jA^j ^ AijxAli Akj 3 . 3*1 ^ >'i jIaiuxi] ^.WaII 3 *° _jj« x^ili ^ 33 ^ 4^1111 ^ >J i’i 

. 3 >Vi 

3 V i A U’Ka' 1 ^allall 3j^ A_i*ii J ^3^ 4k\jta 3 ^k 4 ^x^IaII 3 jall CliUl^j ^ i (I^^ x^c. 3 IS S^nkli ^J^’ili ^3^ 
3SL13! 3^ 3 <q *‘3 1 34 ^^^ 4_ilc. i 3 ^ 4 !^^. ^Aij 3^-3 3 <Q 3 t “k‘ 1 JVI s^nkii 3^11 3^3^ .^$*^i (j ^>» ,1 3^ 3 
a A J-^lyrUxlV i iAjij^a 4 t 1 UxlJI (_>3j ^ °-J^3k 4k jlkjj L^_J r ^u,3i A_L_a j 4 t 1 UxlJI S^jlllkA J 4 !^^ A kj xxl ^i 


Sjjnkli < 3 kVlj JPtjSl! 



Vila j .( IF-THEN ) -El (JjjLaI ^Jc. A)\ \a\\ A aIo \ yi (JaxJ 4 \f\ ^aq31I 13a <^3 

.Prolog 4 aa^JI 4jl1 J^VuxAj 1.1^. }-> j x xi ) ^).u?k Jaj 

<ji ciijjajii (jLaxiLiaL a_^.^a <. v^a J ^c.i^]i ^jjLujI ^jc. A \\ \a\\ a a\-i vv 1 

. Ajlx^VI djULull (j a S.lpJI ClA^lVnxxiVI Jj JJL^ Jll (_£ ^IaSM .(^gj^'l Jl^xluiL tA_g_^. y& CliljUj jl c A dul£ 

a^jaI! l v^g \\ A \y jj! JjaI (JLaxjjojI Ic.jjja J£VI (j£l i ciA.\yj )\ 1 liil£ jl ^J-^xiuij ^3 s^n^Jl a aIviVI 

- A VuJ ^-11 jauj (j4A.lk CIlaaII (jA A KxxaII (J CIsIaJxa ^a-no (jl c. t ^n^kjl ^Uqjjjl (jlj l^J l^IaaVI .1^1 # lilk 
t (J^JL <3^lc. IgJ ^aII A VuxiSfl (JLaj <j! j^AJ (j^j -la^3 4 _^.^a11 l <aAg 11 Aj'NjM JjaI (JIaaILaL 

As* ja^a L_ llc^l ^3 lilliA JaJjA^jl A_^.^a 1I L_flAA(JI - .lC-1 Jll (JjjLa! ^Jc. A juaH o^n^Jl ^IVllI ^3 t(Jl-^ AjI <Jc. 

^aUail! # Ia (jJaJ^)A Aic- (j_Jj (jl Jaj^aII (jA <jll (jial^)AVI A-C. ^a^a Jjjc.1 (j^AJ (J12 a£ - A,Kxxi a|] A_1a11^a 1I (Jjl's.ll 

Jj^ 4 j ( ( has_cold(fred)) (J J) ^ jj Jp_ o^jc. 4 - >iil3 Jc. J^j) 3^* lp Jixj j^pJ' 

j)A 0 J)^ >^]l JjVl djULnll j)A ^.^-iaII jl CjLuI ^Jc. I^pts ^aUVill (j_j^j V UU^I . V jl aJI^JI ^a j)l£ Ia 131 
(JLoXJjaI lOxia ^ ^XjaJ clljl Ja t - ;tii]3 (_5^C. J13 a j) A VuxiVI (J>» Jl UxiaII (JIaoJjA ^A 131 t^a.^Ck UxiaII (_)j3 

<1aIL^a1I J jUH (jA (_^l ^IVnxxil j)A ^aUaill (jl <j 1_^VI Jl AiljJaVl^ A_iljVI daljljl 

'■v l -^s\ l ^_L13LJ <1 Laa1I 

■ aj Jlxa 

^C.1 . JaJj-aJ JlLa ^J-a _J ■ ^—ai __K .'.' j ^jJa^_Lljaj 


1. IF engine_getting_petrol 
AND engine_tums_over 
THEN problem_with_spark_plugs 

2. IF NOT engine_turns_over 
AND NOT lights_come_on 
THEN problem_with_battery 

3. IF NOT engine_turns_over 
AND lights_come_on 
THEN problem_with_starter 

4. IF petrol_in_fuel_tank 
THEN engine_getting_petrol 


^JSLoui Cll^lj tilljX ^ a\\ j jjJal^jC-Vl (_J-axJ CliiaC. I (^^41 S^Lu^jl 3 Ecjl ^ La Lx 1 Hl£ ■'■' -a 

• nul l ^ aIaII^A 

^JjXjooll Sjl^xi 4 Q3t x«Q A K xxl A • 

.Ajjllalll \ A K xxi a • 

# Ji_xjjllll A K XX) A • 

A I^^vIaIIj S^JJ^JI (_jial^)C.VI (J AjIjVI (jj_)g > <Q C&L) (d Ujlj (jJa Uxi 

J jl^J ^Uaill Vjl .Ic-ljj ^D^Lluillj^ A_>Ja^)jiA A K xxia ^P CjIjjI (J^-ujVI A_L Jill L <aOg II ^Uaj ^3 

CIjIjjJ S^jaJI lJUVI ^xiaJ ^Uaill 131 cliA S^j^a ljx>»l Jsl \ o^C-1311 11 (JjjuajII 0^)I^ja C. <>» x>» A K xxlA " CjLuI 
ta3A j)A (jdjVI CjUjI gJjUx^aJ y Vj (jljj^lb 1^44 til^^JI "j ” (jj^jjl tSl^p-^JI 

Jll S ^c.13 tilliA M ^ J^jl (jl^k (_^3 (jj^iill " daljjyi (_j-o Aj^JI c. II ^a t(3Ax3iAj (jl 4 oJlc.1311 

* ^JaxIIjaaII (JIaoJau ^aUaill 131 6^ 1 * T 4l ^Jl V JlVill J 13 a ^roVuxQ 
?^j3^1l (ji^p- J dti.3^ ^.j^x^i (3^ 



^Uaill duji aJ .A-ijlii J1>J1 w'uj.i.qII JLoj V 14a s- 3 ^ ^^41 (jl (J^4il 

.1^4 d^)*J V ^aUV4l (jl LaJ ^jl_jjj]\j Iau 141 c $ :;r^ i (jl (jVl aj^j 141 4(jj^nll ^ ^ic. 44^^41 ch uVl 

^■^Vuxixall (JIjjoij ^a j'qitti 4 14 a ^nnxxn (jl (j£-oj (_^41 Ac-l^jli c41jA (_^uj] A_jl Lajj 4A41_^41 ^^A o4a (jl (jVl 

?(jl^j^]\j Iaj (jl Ja 

,? (Jjxd4l S^)l^)jai C. Qa x>> A Kxxixa " dliiV (J-oxld (jl (j^-^ C5"^ (_£^)^1 AC-ljii cilliA (joul a V 4_jl ^^41 (jl (_}Aa^)jii] 
(jl # A_^jUa^j! A Kxxixo ;A_*jla]l Aj->Ja^)i]l ^n» jxxij 4 A Kxxi.aH aA^4 <J^41 (jjul 1 4 a jjlj ^r.Vnxxijxxi ^aUdll 141 

(jLudu ^A .^■Jx^k* J V ^JJll.x^nxQ (Jl (jlj did J C t VN.J ^A 111 4 ^Vd^ll L_ll^^- C. t Uxl'N IaJJ dl^'S^ll 

* 

? ^Jj-iaj ^ nlx^^ll (jl Ja 

j)^fl J Aa tilliA die. (j£i itilliA L_fl3 _jjj A3 A a )o 'iV 1 ^jd*J .Aj^UailL A,K xxi^ll jjlj (jVl Idd .V 4 _j 1 ^^41 (jl (_j-a^)j£j 
(jjj j^G V j)g >*a ^rj^x^ll (J^41 jj^jxxi jl 4^S^Llu4\j A^.lj L nc. (j-a ^>^1 4- *<^114 ^4c. Jlia j) 4A^1 j (J^. (j-° ^)4£1 

(j.J-ic.1 j)£J t” (Jjxd41 is^-y* ^a a Kxxi^q " CjLj] (Jjl^jxxi ^a t o^yia a dLid^ill (J£I 141 .a gVl^dll (J^l^Jl 

^a (J-^^^l (Jc-l^Jl # Aj^Uai]\j A Kxxi^ll j)\j ^r,‘l Vi x xij x xi ^allVlll 1 j] 4(Jxxiqjxxi j)lA^)i]l ^ ^JjL-ax\Jl^ A jll^ll ClaliLnll 

* j)^£j ^3 1^. JaXuiill \-L«aUaj 
?Jj3^11 jjl j^. ^3 (jj^L tilliA (jU I'Sij'SiX^ (Ja ;^aUajll 

a ^aXJ ;(J-ox1ula]1 

?(jl^j^]\j (jlj l^j^x^i (Ja ;^aUajll 

a V *(Ja*iLula]1 
? ^JjJaj ^jjllx^i^ll (jl (Ja ^aUaill 

# V ^(J-axluLA]! 

a AjjUail\j AKxxi/a tilliA (jU gVnxxil ; 

iAjjJa^jill CIiIjjV <1aIL^-a] 1 (j^lall (J£ (J^l^ (_jlikli]l (jJojJalii ^iiqjl 4^3 ^]! (J^LxjIaII (J^ iL«a y*£- ^1 

(^a^JI (.•* ^ji — Prolog l-ol-aj AjjuoJ CIl^jII lAA (Jj^C. jpa (jj^J^jl "i^q -^lj (J^ J^S xx ) }J 


jjUuiJjl JjUuj 

^A (_^1 (Jl j-^ill C a 1 Uxi (jC- jj^Vl (J^» Jl ^^cLluiaI] ^cu-oj (_5^1 _JJ*xiq‘l (JjLoij 1^4) Q^)J.^^1 ^ ^3^’lVl ^)^1 

(j_j£j (jlj l^JJ ^C-l ^11 4 ^aOVill L_fll^Al ^ ^^^(J\j <jl_^Ja A VuxiVl o4a .^Ij 4J1 (j>i»(J l^Jx-a jJ A j^j^ (jC. j 4lA^j^J 

^Jax-all 3-lJxxl Jl lilliLa (^^Ac. ^-uJjVlxxl (j^-j 4 Lo^aC. S jg.^^Sl (JjLu jll ^l_^jl ^,Jx>>cj)‘ \\ A Kxxl^jl CjUUj 4^U-aXJ-ulA 

J ,f liU” (Jla dal jjxxi^i J A \uxil (jJdiajj (^411 J J^jxx\Jl (JH^jl ^a ^l^qjl ^.Aj 4a^lc-l 

?jja^ll (jl^)^- (Ja ;^aUdll 

a ^aJtJ *^Jax1ula11 

?(jl^j^]\j lil^'s^ll (jl ^-J^x^-i (Ja ;^aUaj]l 

a V )(J-ax1ula]1 
? ^J-dj ^JJllx^xftll (jl (Ja ^aUdll 
?liLJ •^JaxIulaII 
a \j^ U J1 \ A K xxi^jl (jl • dLul J ljU.1 ;^aUaj]l 
a (jl^j^]\j l^j (jl (J jsli (__5^1 <SUJ1 IajU (^*luj1 ^a 

t A-j_jl)-a JU A Kxxixo tilliA Aila ^-idla (jl (^^l aJL^JI tj? o 1 ij 141 

?^ 5 -ixJaj ^jilx^n^ll (jl ^A (Ja 

a V )(Jax1ula11 

t A-j^Ua Jlj A K xxixQ tilliA (jlj ^ddl ;^aUaj]l 
?L_Li^ *(Jax1ula11 
*2 S^C>la (j-o (_5^ 14 a ;^aUaj]l 



IF NOT engine_turns_overAND ... 


NOT engine_tums_overwas given by the user. 

NOT lights_come_onwas given by the user. 

3^41^ j t I ^3 3c.! jiJ! !3Lo <_^Ic 1 iF l <Lb«uj 

t Jllall c^lVo^l 4 A A-ijxxnll Cljl^jxxlAl g.U^c.1 . o^lxl ^,iaa a!1 (JHaII ^3 aJjl^ll (JlLo Ciil^jxxiqill CliVLxuAl 

^3 ^)jxxi\i)l (JjLoij C(JL^ AjI C- .Ubxl l.lx j i^J-iJaaO Ax. ja-^a (J£joi l^A LajIj A_j^xV1) 1.1x Cil_i*_x-a ^>x] 

.{jj^OVuxi^ll (Jj3 {^ja aA j^jjV 4x]aaxa 1 111 J t^LaxlLuiVi 4** Uxnl 4. llcA ^^3 o^jxxll AxlajVl 

Clal^jxxiq'tll 4 xIxajV 1 alA Oxl A qii ' iaII ^3 ^jVI Cli^jl 3 ^^ I -**- 0 ‘1 ^A 4xIjxV1 2>a ^jx^jl 4 AI 3 A 

) bL-al IcA^lll 3^> L^l]! AAjaxII A3^_a]I 2-° V^J 4.1c- 1^1]1 ^^3 A_ix]a-uAl A3^)*^]l 

J>) .23 M)1 c> 3^ V 4 23 S-iC-Ull 4. lux j (_>^) ^r.'iVixxil (j\j (J jVuxi ^alAziAl 4 11] .(’3^-<a 

4. I.IxAlll ^).m*1 C5"^ 4 Ajj\.^31 (JjXjIo]1 [_£A±AJ ^xLxaII 2^ (J^ 3 ] W"ixx1a 11 ^I'Kl 46^1 x1 (JHa]1 

(Jjixl 111 4 2)^A AiiLJl ^A juxiiill (JjLuj^] j \1 (Jjlall ^)xVl (j^£- ^11 4. 1 uxill .(IAIAa ^3 Aj'ifill o^c-lli] (_£^A ^xll 

.( (jl (jLuljVl ^jAVixaiJ ^)xl lK*:o ^£jxj£) 1 Sjlxj ^jAViaxiJ V ^UaAl 2)^ 4 )J X XI Vt\l 3^J3 jl 45 ^ ^Bk IaxiaII 

2^^x 4^ul3l 2 ' (> ‘* e-lx^Vl ^ ^tjlxill (Jlx^i'tVlj AJu^Ja 4 l.lx 4** i^.i A q)ViA ^).n» j djl^)jxxt\tjl 

.A j"i Vill A3 ^jxa]1 (Jaaj Ja ciill 0 jlx Iaj c )j x xi Vt\l 2)C> 

iJj^u J&t\ A afolSfl 

4 fl-1^21 cxll ^c-l^jl A j i.iaII o^jx^Jl A aJo'i^J A_1ujLuiV 1 ^jl^sVl ^jjx^'i a^lxl (JHaII ^3 ^j^)V 1 ^C-l ^1]1 

lAil*j ^ii^l 2 j^^ ] S^ls (3^J 4^l]**> ill ^_^3 ^c-l^lll 4_flV^ jl cIiIIa 2j^ 3 xa1 ^1^ ^.iJ^IIj La^ac. 4(JL^ aj! .a_L^a]1 

‘-age(Patient, X) ; villi ^^Ac. JHa c 1 j 1 j 1 x! 1 a]Ij jlj£Ii]Ij JalAjVl 2^^" i " u * 1 ^c.1 j^ll . 1^* JJ 

s^lx (^^illj ((age fred 23 * villi <_ 5 -] c ' aAijxxi.i a aA-i’ia ciiL^. 2^ 0 2^ 4((^ja£| vjxja^ 

.(ll^V Wlx-aj ^nxxi) 4 " iJ-afijl A_iii^, JaI JO 
2a jf&W (JaxIIlILj 4 " n^x vavlxl A_3 j-xx ^- dl villi 2)-* l-\j^»‘l _jA^l 2 j^ A jqj’q's.ll A aJo iVl 2l 2) -0 ^cJl^ ^1 c^Ac. 

^XAij AXxjLojVI^ 0 , Aa (JaxIuaI ^^ 1 j ^alAaj .^)Jxx)\l]l djl^l^^lj 2 -ujLojVI ^IVnx.Vlj ^ii$*l]l (JA^j 


p.^-xjAl .1 Ji^i (3* ^ 3^ ^lA*> ill 11 a ^ Qa^Uai 2^ .Aj__ja^ 11 Cliljl^)lajJaVl 


LH 


. xxi il ^alAaJ ^A J 


MYCIN 

ISaxV 


Prolog e 1 ^ 

axxjLa VI A iKigll jA±i 2' 2^ L ,<a .)^ lsj^ £j .Prolog ^ 1 ^. aA^xx ^lAaj ajK ia ^a 1^1 ^^ Aj! 


.Prolog ^^-*4] < 


\\^±a A x x> i.i ^piaHj 


IjAx 2_9^ (j! AA ^a-x 11a .( . .op i) 3 *-Aaa 11 elilj^lxl .I 3-^*lx ^c.1 ^111 ^)-al_^]l J^'ill (_5^] Ajl Aax^j 

V' •” ^ j L>^! ^! if small(X) and nice(X) then good(X) " 3^ 

3 jU 4 11 a 2 F otj^ .43’*. .i.^ 45^ I.Aia 1 2j^ 2 45^^ ‘Prolog 43^1^^ Aaiis Hx oIa 431^ 

;2JlAll jUxiquAiVl j)l 1'i^jj 0 aU^)J1 11a 3xxj j A_jIj^ 

?- (if a (A) and B then C) = (if a(l) and a (2) then a(3)). 


.S^iXj-sJl Li4s t (JLa. 4j! (_jic 


%% Micro Expert System. 

%% This is a very simple backward chaining rule-based 

%% expert system. Given some possible hypotheses it backward chains on 
%% each one trying to find out if it is true or not. If it cant 
%% prove a fact using the rules it will just ask the user if it is 
%% true or not. Once it has proved one of the hypotheses it will 
present 



its conclusions to the user. 


g. o, 
o o 


o, 

o 

% OPERATOR DECLARATIONS 

: - op ( 975 , fx, if ) . 
op(950, xfy, then) . 
op(925, xfy, and) . 


g, 

o 

% EXPERT SYSTEM RULES (EXPERT KNOWLEDGE BASE) 

rule (if eats (X, Y) and living (Y) then carnivore (X) ) . 
rule (if carnivore (X) and big(X) then dangerous (X) ) . 
rule (if has feathers (X) then bird(X)). 
rule (if bird(X) and small (X) then good pet (X) ) . 
rule (if cuddly(X) then good_pet (X) ) . 

g, 

o 

% TEXT TEMPLATES FOR ENGLISH 

% qtext/2: Provides a simple template based translation into English 
% questions. 

qtext (cuddly (X) , ['Is X, ' cuddly?']). 

qtext (has_feathers (X) , ['Does ' , X, ' have feathers?']). 

qtext ( small (X) , ['Is ', X, ' small']). 

% atext/2: Template based translation into recommendations. 

atext (good_pet (X) , [ ' I suggest that ' , X, ' would make a good 

pet . ' ] ) . 

g, 

o 

% EXAMPLE TEST CASE 
f ind_good_pet 

check_hypothesis ( [good_pet (lenny) , good_pet (eddie) , 
good_pet (tweety) ] ) . 


g, 

o 

% MAIN EXPERT SYSTEM SHELL CODE 
% check_hypothesis (+Hypotheses) 

% Succeeds when one of the hypotheses is proved true, or it 
% has tried them all. 

% Picks a hypothesis, and uses b chain to find out if it is true. 

% If it is true then b chain succeeds and check hypothesis writes out 
the 

% appropriate recommendation. If false it backtracks to 'on' to find 
% another hypothesis to try. 

% Once it has tried all the hypotheses it will backtrack to second 
% check hypothesis clause and write an appropriate message. 

% (Uses MacProlog built in predicates message/1 and on/2) 

check hypothesis (Hypotheses ) 



on(Hypoth, Hypotheses), 
bchain (Hypoth) , !, 

atext (Hypoth, Text), 
message (Text) . 

check_hypothesis (_) message 
to be true ' ] ) . 


% get a member of hypotheses 
% b chain to check if true. 

% get hold of appropriate text. 

% write out the recommendation 

['None of the possible hypotheses seem 


% bchain (+Goal) 

% Succeeds if Goal is true, given rules + facts supplied by user as 
% backward chaining proceeds . 

bchain (G1 and G2 ) : — ! , % G1 and G1 are true if 

bchain (Gl), % G1 can be proved by backward 

chaining 

bchain (G2) . % and G2 can be too. 

b_chain (Goal ) % G's true if its a fact! 

userfact (Goal) . 


bchain (Goal) % 
rule (if Preconditions then Goal), 
bchain ( Preconditions ) . % 

Q. 

O 


Goal is true if 
% there's a rule concluding it 
and its Preconditions can be 
proved by backward chaining 


bchain (Goal) : - % Goal is true if 

user_says_its_true (Goal ) . % user says its true. 

% user_says__its_true (+Goal) 

% True if there is some text to use to ask the user about it, 
% and when you ask the user they say yes. 

% Uses MacProlog built in predicate yesno/1 


user_says__its_true (Goal ) 
qtext(Goal, Text), 
yesno (Text) , 

assert (userfact (G) ) . % Add the fact to Prolog's 

database . 


alouiil 4 * ■ ay o . . ^ Prolog ^ ■ ■■ yj!' iIxjia (j! 

ajc- j jji on! u >■ jhl c ! ■ Ur \ 


} (jC. I.AA Uxi/ali ^aUVlll (. | 1 J>* 1^1 

‘atext /2 u'j^ ‘ - (tweety) pet _ good ^ J^j) 

a ^ aJLuj^ t / Prolog 31 l .Vu^ ^ 

.a-ojUII tilii ^ j j ojiaU j 4<Ajta (ji J 

;l^_3 CjVUJI b _chainpredicate cr^ 

.Cjbbll UjUaVI iU5j! • 

.4’qjq^ <jl i Vig il • 

i^_alAAl£ AIj-uia]! <Ja 13^ t. Vlg 11 Ig ‘lull's C5"^ • 

c.^ 5 _k3l (jlj ^^£Lluia] 1 J jii <.** 4 qjq^ll • 

yesno Prolog ^ ’ user_says_its_true "V j' ^ 

I j] ^aJtj ' W’u^ll <jl ^ Vi j (^Vj JIJI Jaj /I 

^ic. jxj ^ jIViui Prolog o^c-la A qjq^.11 t^i]j jli ^,’qj’q^ Lo (jtj (3-^*-^^^ 3^^ 



Prolog yj ja tjjjlaa. jl £$j^\ .(" ((tweety ) <_rtj _ d) userfact " J ^ *4^1 

.0 pro log ^LLj Jl aJc-IAj AiLja^all p-UjoibU dll A j 

,£aJjjJl ^Jc. aJaJxuil (J-axAklLl <J]Ij # ajlc>l gc-alj^JI (_>^aj ^3 o^}juiLa]l ” J" L_L^jd]l CllLajlc. (j-a ^jjj£JI j\j J3 

Jaia ^illj write/1 ja yr^Oil' 6! .Prolog ^ Cil^u» c_i^J ” yesno " j ’’ messge " 
jLoilaiVI (^Jaci dil .JjiiaJ oJa^gj Prolog J44*J lS* ' J 2 J iaiu cS^ll read/1 ‘Prolog J44*J l5* 

:i>? jj&IO Prolog . fred -j A -M jj Ia^ue j ” .fred" O' u^4 ‘read(A) 

.^l>Vlj JU-tf! Calais ^jjU^ / 5 ^ 1 |JI / SoiLi^l isl^yil 
J ^»U^JI ^1 ajLil 1 ;|J , j u S 5 I j) *^eI ^aUajll jl j^. ^^Ie (JtaA laA Jjjj 

?- f ind_good_pet . 


S: Does lenny have feathers? 

U: No. 

S: Is lenny cuddly? 

U : no 

S: Does eddie have feathers? 

U: yes. 

S: Is eddie small? 

U : no 

S: Is eddie cuddly? 

U : no 

S: Does tweety have feathers? 

U : yes 

S: Is tweety small? 

U : yes 

S: I suggest that tweety would make a good pet. 


^ajolj V • V / ^aJtj 4 uj^Vla khq jA 4 jIUj£ . J 4 ±k (JfOA jjjfLll (_>*0 kjl g^IeI JjI jll ^_ya ^jdal j 

gLoui Qua. ml] ^ Iliad laall j ^ ■ <n (jj£>i Ujjl 111 . J ' - Q ~' aJjajjj ( _^ 1 e iS J P J ‘(Jjjla^JI .j a ■ Hh -^-1 

(Jiji 10 p tdlLaxlaj) ^^lill IeI j 4)I OO Qk .£j ^1 ~ ^ f . ^IVn.nNM ^Jl 0 j*aa jll 1 ^.I^HuiaII .ie! jail 


;0iLd i_jj£j (j' (j^4 ^daill jla "Vi. ij< ' ' ^Uall 


.gaII 


;4_i1U1I IeI jail (JljUtloiL dill j iAia. t «j'i (j' J^- tWCCty tjW 1 


rule: has feathers (X) ==> bird(X) 

rule: bird(X) & small (X) ==> good pet (X) 


O^ja Lg jae .^alaJI Jjjallll — je! jail ^juLoil ( _^ 1 e 


^ O^aA ^ ^allaj 4 \ \ it 4 jk ^jc. a jSa I nl> r - iu^!^ 


(Jjjjoi ^aUaj (jLftxlLiaij <3^)3 «_a] 1 ^j-o (JjXaJJ ^-qj-uIiioj j .\nVlllj ^-ojolL-u 

L_ljl^)V^J ^Llt-uVI cJ^-^ LS^ J) <Q > <Q IjAic- (jl «^^>j L>^ 6 (JHa1I 

(j^l J 0 <ij\l (jl L5^J^ 1^1 0 a.^V ^^I'T^jl .(l^lll (jLaxlLdolj (3^*^ (j (j^^ L)^ .l-Ajta caj 

# ^L_lj^VI _^A a ) (j-G Clal^iA JUstlull) L_1 j^ 4Q La Ijj 0 a.^y ^jJaVI ^Uaj Jl^tluiL (3^*^i]l 

MYCIN & ^ 

o^)jv^ll A 40 \ y $\ ^j^x.ro'i ^Ac- ^)jl A 40J4Q xAi J ibj^AA (Jl o^n^Jl A a)\ 'iVI ^^1 (jlfl tojlc.1 *^^)J La^j IVIycill 

& JLclj Aj^L^j]| 

A_^Jbt-a (J^^. ^.UaC-lj Cl£jl£ AlAjJa j ^Clllna u^ill ^3 ^^jVil'uxi ^3 LaUaj (jl£ jVIycin 


.(_5-^Al (jjl-^l A_jL-al (j^- o^jl^Aia CIiIsIaLj ^aU-VllI ^C-J 


i ^.J'S.X.rO 


(J£joiJ 


L>^ 


(jAa.jl .^^1 ciiLL-al (j>i» t i 


Jjlk (jiaJ^^jl Clj^-aJ (jl (J-alL^-a]! (j-a3 (j^j^d'Al 3^^ C 5 , ^■ s-^-f^Vl ^)A^.uj IAIj tAx^Lui 48 d^L IAa Ja^Jl 

o^)3jlLa]l djliLnll (j- a A_LaIi^-A]l (J£Lola]I (J^^. Aju^jjaAl Clil.'n^a VilL lj \}>J (jl ( > > 1>J ^.Lila VI (jl-5 tlLl J s^yiaAl aJA 



1 £-o 3'°3j3l ^ (jl >> > vnj Ajj3 LS^ 3_>^ C! jlx-a jdL A -y\\,x ^]i Ajj^ 3 ! CiLxokjll aAA 3 A *-3ojj 

# aXoLxo A K xxi*o 

* > 

t _ 5 Ic. 313 VL (s ^-*0 3^) (Ogj jjjj ciAn^Vi uj^*j 3^L>d3^ 3^>fk]l u' L \f^ ^ — s^j^iLs 3V 133^ j^L Mycin 

^LilaVi 3'® 3liA - AjLoxII Jaj^joJl ^3 A_a^_*o VLlS A Kxxi*oll 4(Jl-^ Aj1 (_gic. # A_ij^^J1 CliLo ^1x31 

^jli 3c-Luio] o^)3 jILq e^nk Slil 3liA (jl£ lijj (j^jkxxnll lAA 3-3 \jbc^£ ^jl vn.j LLik 3^dl 

ijj;\ c > nxxn (j^ ^1 lAAj .l.jlxoc. A_iii^Jl ^3 IajI 3 aj 3uij ]VIycin .A-a 1UL9 ^jj£l A >ll »^ \ ^i*o^£ 3 oAA 

li] Ail — c_iJall ^ CiL^UJl (JLox!LojU C‘ iqla'i A3 (JjLoi-o j ^Vlkl nmi C3l£ (_]j t Ajbl ^ l q« x>> 

33 c^iatkJl ^j^jAiVill 

^c-1^3 (_£A^1 liA .^jjj .oAi^l (J-ol^c. £-o ^ IF-THEN ) (jlS-lij ^c.lj3 Ax. j^q-n^I Aj3^)*-o 3-3 jVlycin cJl^ AjI ^1 c- 

: Mycin 


IF the infection is pimary-bacteremia 

AND the site of the culture is one of the sterile sites 

AND the suspected portal of entry is the gastrointestinal tract 

THEN there is suggestive evidence (0.7) that infection is bacteroid. 

0-oAiiui (JjUI c-l_3^ u!^ c cJ jg >*q 3 J 31 lit .Ojhll CiLc-l ^jll A >jVill ^jj^'uxi ^jll A qjq^ll Lj ^)3 ^> 3 *j 0.7— 

# A_^J^j]l Aoion c-UaC-V SiC-Uill Aqi'iIn 

(ji iSs q Jxall c- 3 ^ .LISP j^lki 3 <^j 33 i £>jx!j3 j tLISP aa! ^lAkluAj c t nS Mycin 
3)kl 4 6 _jjj£ AJjji^j ^ojj l^A # ^)kl LISP (j J ; Ig N jl^oll A,Kxo*o 4 ) ^j^ijAxxnll j A -nj nil (j^^ 3 

# ic> 1 ^jjl (_^Lxj 1 ^Ic- A j'i)*oll A *oI->lVl ^ jjJajj ^jjjIx-o ^j-o (j>iatjill (Jl^jl 

Lo L ^ 'in'v 1 <q\A A^aII ^IjjluiVlj ^Aq‘^1 1 4 j-n. 1*1 1^ *1 1 n l (d^*-LulJ wc — fl-i^Jl A_kyjo ^Uaj (UJjl) Mycin * Jla* aj! 

ji (jIa^jj jl) t _ 5 L. s^)L uxill djt^_^.^o]l ^j*o A)^*ll Mycin (J-oxjxol t(JL^ aj! ^ic. _ Iqjilxxi liix-aj 

^jxll A 1 ‘uxiVl (_y*o jj'^ll (JLxJ Jl ^>-o (d- a *- 3 - u1 ^ ^ ^IVnxxiVl J ^-*Will (J» ^1 ^jl£ l^A # (Cl^x-fia^)i]l 

# Aj^j^)jJa 

djl.LLA*oji cii^J jc. (_5^1 (J^IjLoII Aj^I ^jl£ t jj !^)11 j )j j 'A. 1 1 di^ll ^Uaj ^flc-l Ail ^-o -IVIycin 

A K xxi*o ijUa-Vl 4-iic.l ^3 Lo 3 l^-° C* ^Ll^ ^C-l^ll ^jl (J^LLoll oAA ^^.1 j 3 ^ Aj^)Lo*-o 

c- - ^^k*Uxi*oll ^Ic. A,ji» x^> jl Aqjkxxi A luxil / 3 lj^ c. t fiVil) ” " j A 3 ^)*-o]l 

Neomycin -a c^n^xx) t ^jll j ^3^,'^Jl a kxxiill .(jj-okll (jLoil ^jc. JlyLJl Jj 3 bliL 3 ^ ^ Lus ^gg^ iill 


3^^. 3^1^^ 33^1 (^)Ll ^alL'l^ CiLo jlx-oll ClLL 0 ) ^jialj (_jia^)*o ^Ijjl ^ ^Ic. (il^yllLoL 1 AA ^-o 3^1^-^ C** \\ac- 

CiljLk ^i*o^j !y\ijajl 33^ ^daill 3 ^ Clulk 3aJl A.j^nl^Lul ^^3 AjjaiLuVl A Kxxi*oll # (__)ial^oVl (j-o A ql^k*oll IjjVl 
CiLo^ix^j^ ^<o>J d.1^. *3-^ax-ak ^all ^Ijj VI (_gil (_jial^)-oVl (j-® C_alx^ll 3 ^ ^(J-a^-dl 0^)>.x.xi 

• 3 A^ J-d' 

jjfkll 3 ^ 3 ' 1 ^- 3 ^ Emycin t 3 ^-dl 3 ^ c^L .Mycin £j^lo 3-0 c^j^Vl cil^ jLjII 3-0 jji*Jl i 3 Ua 31k 
j .^-ilkll ciLljLx>>l (JL^-o Emycin 3 LokLaiV jjL PUFF a-o^I jJ4k .Mycin 3 a j3^(dl 
.1 jLo 3 3^^ ^-La jjj ^y;uiivu.'i cAiliLkll 3LL0II ciVU. 3 ^-k ^ 3 kU ^ill t^liLVl jjL Neomycin 
3^>L11 a ^qJ-ViVI 3*0 ^jjjkll 3 - w *-Laij .Mycin a Jituj ^ o^nkll A *p)a 'iVl 3 ^ c Uxnl 3^ J l- 3 ^ A Lq'i ^Ja jj 31 c. t vn.j 3^i 

# A3^)x-o]l 3/1^3 A Kxxixoll 3^d A^Vik*oll 

^ 43 ' :»j^' t® 


?^nrux.yi ^aLo 

jA ttiilL 3 ^ >> . 3 >J ^ ^xJalj 3<; xxi ) ^)f^j L)^ 3 ^Lo ^.^gjoi 3^^ AS^)*-*® ^aUaj ^1 3 ^ *■. ilL 1 LoAX • 

> gjjloiJj 3 I C t VN.J 

.Aj 3 Ai^)*-o]l 3 j3^° L)^ 1 3 d A3^)*-d 1 3 *° Lo ^ij 3^ ( >. 3 >J ^aUki]l • 

^^JjL frl wll ^j! *3’ 3 9^)*i 33 li] 31-311 (3 3 f uj .3lVV3jajVl jl ^•IjVuxiVl J ^ff^l^l 3^ LjxxlJ 31-3 l3l^J 

?<^i 3 g .1 wli ^j! 3 ^ \ 31-3 .a "-kWi i^J ^jjjLli 3 ^ 31 L_a^)*jj 



(JljJOlll ^Ac. Ajl-^Vl (j^^J (jl VN.J AljxxlJI A_jl ^*1*11*1 xxi VI J ^JpislAl (ji aXJ J 


^9 rVi'nn'< j ^ jAq'i l 0^ 

(J^ilXA ^LAxAJ (jl C t TN.J .li^fejl Ai^)*_^]l (J^'a'i AlAvNA A3 ^)Xa]1 (J^'a'i iJjA £- A^UXJ-uJ 1 AA (jjAA (_gA) 

(_pax_liJ A m ■a CllVl-^* (j^_jAiLu (j^j • ^' 1 >^‘ 1 ' 1 " u ^ J Aj^j^ (jC- 1.1^. A_*_uilj (j_jJa S-lC. jlijail ^^pl ^.at.jjJ^j 

.AaJUi]! ^Jj)x^>^]i ^3 (j^lal! oJA j}A 

^aijl\ 

.(S3^ A ^ (Jj ? i a\ \ JV-^VI (j-o a_iujLuj1 ^c.1^3 — 

^\j^\ #&i\ 

# A_iC.^)i]l (_)^ Ajqj^ Cl: il^l^^Vl — 

<>M^1 jlaUUL 

(JHaj # o^)!i£j ^a.W'uxA j jjLuijjl] 1.1^. Ajl 1 a m t^C-lila-t-aV I e-l^All A ^JViV A_j^xj_a ^j!i£Vl 1 .\a 11 ^pjxj — 
^Aj jt^L-aC. ^A g-lWll ^j! (jU ^r.'iVu^ ^3 ^Uaill # ?^ilaj (jl s-li^l (Uj_iV (j^AJ cJ^ (j^-J 1^1 - (_5^ 

.^liaJ g-l.Wll ^j! (jU ^A.lAl ^il^j (jl (j^-oJ ^-jSlx^a 11 (jl 

^JAXlll 

a^jlj (j_jla (JjAaaiI jmj 1 .\a 11 1.3A t ^JxxlAl A_Ixxlj]\j (JUl 3 l.x>ljl \.\ a!1 IAa — 

*U£j-43I C^jIulaI) ^ilii 
.I^aAI Uxi-t C1 sIa^*-a] 1 jj Ala^ ^a^iiJj 4 (<£^jl A3^)*_<ajl (J-axluiJ — 

jj ^I fcll 

^allaJl 1.3A (J!ia ^3 ^l.VnxxiVl J ^plklllj A_L<a ^lA^g ^^C-lilax-al ^aUaj .L-iI^Ia jjl^A ^all*Jl (jl Lil£ 

.^11x11 1.3A ^^3 (_pa A.jx^lA ^<a (JjaUtlll ^jjl3 (j^^ 3 (ji ( > > V>J 

;^-o (Jiiljt!i]l _J^l3 (j^^ 3 (ji tnj ^A (J^ xxi j 

# Ai ja-fcj! — (j-^a^l • 

^Clalx^i^l xjjij CIjVI-^ (J^ L_j^)lxisLi]l • 

# di3^11 AjS^jxa o^C-13 A 3 ^^ 3 ^ £• ^)^ls (j^^ 3 (j^ T>J ^A — ^jjjc \W • 

^_gA ^^Jal_k jl^ "^J^ua" AJU. Jl (Jx^’uxi (^Jl ^jl il AA ^a (JaIxjj (J^ xxij 

o AA £a (JaIxjj ^jl (j^^ 3 ci^3^ JjjJall ^jl c _ O^- 1 J 

* lAA l}j&u (jl cj^^ 3 AjjaiLuji Aj^Ij ciUiA 

Mj * J l3J^ • 

^Aj'ilx^^i * 

jjxJI • 

# <aJI£]1 (J ^3 AALaJj aAA Aj> J\ ^\\ ^jJ^iVuxi 


C-UJJ Jjxij 

cJ^— lAliA^S CIjVV^-uVIj .Vuxi^jl 

Li^jJu jl ^aC-l^A (^\ i^jC- £^.1^11 ^ilaliujj V CliU^j^jjl A^. ^a^a ^3 lixjajjj (J^- 3 ^ja ^-^A ^_^3 

.A^LiU 

IaAIc. IjuaII l^A L_ii£lj!ij ^jji 3 V A ^I'iV’uxil j Aij^iaj (jLaijVl (jl 1 a 

# Ajlj^)xxj (Jl-^ ^_^3 ^jalA/all <_ja j - ^ V il ^aAVlj t nxxiV ^“l"i^.'i (j^- 3 • 

.I'nlrN ^ja aLu^aII 0jl!iill (3^ ^j^ 3 ^jJalxxij V (j^- 3 O 

P>Wa (J^ xxi j liA-S^)xi V ^.LixluVl cJ_>^ (jl ^ 3 >J (j ^- 3 o 


Aa£ jllL ^UlLuiVl 

.A^LJl l^- 3 ^ ^l'^" 1 ^- VI- 3 ^jl^P^l g’lVl**! i (jl l- 3 ^ .C-JJJJ jJxll ^l<iJl ^_gi 1^. ^IVnx.Vl j)A ^ ^ill lAA 



(J-ax] J^J£ Jaj liA # A_9 jxa]I oAA (JAaIiI A_Lu^»a]I J Jail JC- j ^-IVnxxiVl J-a ^jj]l I.AA J C- A_IlLal UJl^) 

.L_J jll jjxll jlai^jl • 

.Aj^Jill jjVixa • 

# Jj3.a]I jlai^jlj Jl lixa ^3 Jl ,f Aj£jj]| M j ’’CIjLg^LoIIj Jajj^o ^)JC- ,f AauuIIj i^lxxiq'i (JujiILl V 

j£-a-a Jjui]! .^C- jj AjJaj L_njJI jlViJl '(jpZlii A^jJa jl L Qu*J AaIc. c. qlx«a jl jm j L_ujJI 

.Aj^Jill ^W\a j Aj^JII J'n'uxil Jc. aJ j3 

ijjjj jjxSI jlal^jt 

# M (Jxjola Jj^x^iM tiiljj JjVI L_llla]l Yuxi/a jlaij I il-iLol c . n*i j jjxll jmj Lilixa 

# JLujJvU ^l^»_xjl 

• Jlial! JjAaaj (J^ 

A M 

fa: plays instruments) improvises^*;) — yazz_musician(x) 

l^jlj Jl J^Jgj x J^A AiiiaJI \i 3 _jc. lil j cA.jqjxxi^a All <Jc. X tc.** n*s. c X jl Jill A-lt^-ll 

# vI!Lq jl^. l ^ -Luj $a x jtj ^r.Vnxxi i Jl j£JoJ Aits ^-fljl^-all AjLulLg 

?JLoijVI i qj^ 

. P Jj ~ i/^ da\jjl JjL^ p Aqjq-s.ll jl jLJ Ail ja (Prolog jj * j JJJI j) jl ^.1 jJI ^jU!JI J^jl 

t ( J-IaLk A xxi^C- C*n-s) JjjUa* P jl ^Jxj ft Uaah ff Jl CIiIjjVI lig-J UL-a jjj ? lij 

. Jjxxi^j'l ^jjjjjJIj Jxj^ll ojj)g xxi/all AC- J^^^ll ^)±kj] 


V®: Republican(x) 


AAf- 


Pacifist(.i') — t -iPacifist(.v') 


AM 

V®: Quakcrf.v'j Pacifist^) — xPacifist(x) 

. .o^II LaliJ jjjAiL^ui I jjJLl (jl jJI (J^IlqJ (jilJLl^Jil (jlj ^ ^ ‘ li& 

:C u 1 ls j ls 


Quaker(Nixon) 

Republican(Nixon) 


_Aj 1£1I llia^jx-o (j^ailii Jl li& 

^J5Jl (Jala 

;oA).l^ (JV^Jj-uI S^C-li ijj AjSj!ill Jai-a 

AJI 

C 

C ^IjUjuiI <jlj B i_K>l (jjjlim jt>j ^I'iViL.i^l (Jj|i ^ |j| Ajl 

•dll jLiLaj/l (jdxJ jj L_LLlJI (Jal<4J Ajlda lAA 

to^>lc.l J^jl ^il (jjjoiSjj (JllLa lii _<J J*_a]I dlljIdaVI •^-C- j-a-^ ^ L_lLaLaJ aIaxHjola aAjA^ (JV^-ul d-l J • 

.idxdi ^ llj j^i-^VI (J (_^l (J V Ajl I'ji'v ; ^C.I^a]I liiiS JAj (jl (j^i-i ^-J^jjl (Jad 

_Aj Iaj (_jjJI (JV.Vuj^I Jc- 

_ jjjIxj (j/s (JVji-ul jc-l J (_jA ‘'JjdJl J • 


Jj^l 



^A c-LixluVl (jlj ^Jaj ^gij Jln^yu I 4 J ^o-uij ^j]l (jj/Will o^C-la .Ij.W’ill 

oaa c-^W^i ^lill ^Ixxi^Vl (3 ^ ^a <iii^Jl tp ( 
L>J jiill ^IIiLjjI ^-0 gJlxj ^ji Aj. will 

jd=> uAjjm ‘l?' bird(tweety) : ^ j*- 5 djl i!h» 

V®: pcnguin(.Y) — d)ird(x) 

V®: pcnguin(.v') — > — ifl ies(x) 


i ^ ' _K ^ij j cjlj <il_jJal .Ij^j jaj <■ jj li gv <j| j ^ila jl (J jil t<ajlxdl Jc.1 jl j 

l ' u,i^ li& _J.V *' (j5^)J t jLi j5L] (d Ijl ^jjJaJ jjlia (_£l \ j & ' ■ ■ o^LlaJI oi& j wMI ^3 _ jj 3aJ 

A ~ 1 

'/®: bird(x) abnormal(x) -+llies(.v'). 


;i_ 3 jLoJI ^jAc- Is-Uj jdaj L^ijfi j.; ^~ > ’ ‘ jl ' V lij^ tjil£ (_yJ 4 jI ^^Ic- 


flies(tweety) 


_iUi IjjUaJ (^JJjJ u' L — 'W-’l j.) ^~ > ’ ‘ Jl j V lijl clu 


-iabnormal(tweety) . 

tajUi j^£j (_5^ AjJaj^x-dl g-'l ^.LuiVl jlj j"'^' ■ ■ (j^j t^UL^JI j i jllaj jl jS^aj U& 

‘^liiild 4 aL ^iVI Uj.ic.L9 <jlj£ i ?* j (jl j£jij j^-j l-i^A j t ajL-u j ■ a ^jil D-llJ*. ^]l s-LljuVI (_^A 

A ~ 1 

: V'®: bird(x) fl ies(x) — »abnormal(.x;) 


: J'tiJ' * - ^e . 


-EJ J 


V®: -labnormaU.v') 


penguin(tweety) 


abnormal(tweety). 


_j4s t jVI AalUll X qjq^'I UiiJal |j| 


‘ jUi jlj dmj jl j^-J ^jJal j ■'■' ; <jli 


$ J. > * * * f. 

; jL^ll i ( _ 5 _uJl jA (jj^i^jJl t<L^Jl d <ajx>ii ^jl lil 


V®: abnormal^) — ^pcnguinf.i'). 



# A_iaLjal (JV..V.ixuj ClbaLilj Ig xxiq'i AjlIII ^3 3 4 ^ ^A A,j^i/j ill • .Ij.wMl Aj^ 3&^ JjJaixa Ja^V 

AJLu^j) A-Jaj| ^ q ' Q'v 

- , „ .» " ** . ****** 
# L_uj^)]l ^-lyrUtiVi j A_3ajl JjJiiaj (TMS) ^ ^LiLix-a A_3ajl 

* A-ilLill ^j-ajL-a^Jl l^J A_j\jj-a]l A ^JVll 

# Al^.^a]1 \±LA ^Ac- La .1^. ^1 aJunx-xa • 

.CjUsujII A*s Uxi Jjj Ja (jc. A l^il La a^J ^dill ^1 \^J1 • 


(JTMS) o j '"' cr^ < 44 L ^' ^4^3' <u ^' 

# lA-uiijl (. > n^jj La^a ^_uj V A,Ja Uxn A_j\jj-a A ^^^A • 

# aJ L^-3 (^c* j) ^ jc.Aa jISjc.1 3^ • 

^A jjjii lP • 

# a_Ia^-a]I d_iLlijc.^n AjLuu ^Allj — A_Ajlill ^a o 
# a_1a^-A >>" Uxijl ^lill djljliiic.yi — A_Ajla o 

# ^_uiJ ojj^)± 3 ^1] Jajj^xa La ^C. j • 

t A^ uall JjlLj ^*^A 4 .l^.lj ^C-_J • 

.Jliac.1 <SjiAJ As ^c.ljj-o • 

# jli!ac.l A^Ll^jl ^^)Lk i^ja ^Jjai Vj CliLlijc.1 A_ajI£] 1 ^a ^c.13^ 3^ d_ut^ lAj ^c- J • 

JJC- A_Ajlill ^C-J (_£l ^] (JAil A-AjI^JI £■ jlA jl£ 1A1 L-1JJJ JJC- ^C- ^)1 • 

+ IN -List 

- @Ui -List 


David Mellows Adultery 



t Supported belief 


Justification 


Mistress's Claim 


"Ugly" Appearance 
Tbiy MP 


JTMS 18 .H 1 


(LTMS) jjialjJI (JjjLuiI ulc- Ajj ±a AjLia. AjLwa 4_Jiji 

cLSIAj AiLLJI 4 .fllvCiJ] o4_jLLi 4 ^ L ~' V v ' aijti 


t Cjl^)j^)jjil ^3 ^jJal j _JA. ,'.' j ^^ill IjcU jjj dila^lc. • 

_Ua LTMS '- a 4i .i>»l J^Ai P-i j P -j cd-i q\ jlL JTMS • 

_4< u : MI (-Lj ojlc.1 i. - ia. j* La cIiaL LI • 

(ATMS) 4-ml-mi 4 4Jliua 4_Ji!i 

Ajxiill) 4 j^^Ij 5)I AjullalU CiajjJI ^I'iVuuVIj QA JaL (jlxjllj " LTMS J JTMS" • 

t S/ jl (J^a%)! .""■; ^al^AILajlj J — L^L^JI Ajc- (o4_k j 43^ 

. Vj' jtcJI Ljaj — ^ jljjlL A_Laj jjL t _ s -L ATMS • 

/fiJdxdAil OllUyJI ^-Lj- l . 'I L11 ^ 4 -*4L a ]I • 



ATMS u\* t CllUiaalli jj^Ja -lie. JU. Aji L5 Ac. • 

3J34 U?\ AJaLonj ^C. j 3^tjl Ajjl^/al Q 

JJjIaII jj&klll A, \ W 4/a^Vt Jjjialt 


<3 ja jll 

0jllii]l (_£A^.l ^1 (Jj-ajj £ 3 ^ ^3 Cljljlijc.yi (JIaj LajIaxg • Aj3* 3^ 33^^ 

(^-^a) t3^ J “ a • 

(Uak) C^JaLk • 

^^JaLk Vj y • 

;^-g lx>iji (J^LuiaII Ia Aic. 33^^ Q^ x } 
Aj-aiil^ Ai^x^ajl • 

.Aijx-Jl diUiaal^i]! • 

l^J (jj£f U^J (^ 3$ ~>a jl^ £3 LI£Jg 3 Uxijl ^ill djljli!iC.yi (Jj!uu] AiL^jqJl ^.JaaM 15 Ax* 1 Ulfl Lg£ A^jL-a^yi ^j^la]l 

^^-aaLilgj! jl) SajLuiaII AJ^yi ji 

• ^luiaJ^C. ^jj AjI jail A-ijL-a^yi ^j^)Ja]l (_jJa^)*j 

UAic. liVsl 3Loi UJ^ 3 ^ £5jj ^J^xxn y AS l>^ . 3j5q*i\l (j* ^ jjl I iA (jc- Ai^. JHa ^^A aj* 4J1 jljjl — 

^j\ L>^J ( (l \\\ (_33J C5^ 1 ^3^) U^l Ly^ 3^-^ Cf^") 3 x «"^ c 3l Jl A.nlSA 3 3^- A-93*-* 

.A^^JL-g]! fiAA (JxlLuli 

Cjjfl nuxiyi 

^ij ^UaiiL ul^ 3 ^^ cjuu^yi aac. 31 ^ Ja] 3 ^* a3 L 5 ^ c ' .^U-vr^yi cJIaj 3 ^ ^ 3 *° 3 ^ 3 >W — 

A jUx^i^y I CjIuaJI 3 I Aaj Ia njl ^l.Vnx.yi J (JA^Jl ^al^-A 3-° AjA*J1 <^3 Lg£ 3^-^ cJ^f^ LS^" .‘— ^>“1 

t C-jl.xxi'N ^Jj £^a4)^ 3j*^ *£ 3 ^^ CjI*U$ 1 J 31 3 ^J 

ju^yi — aj^LuiSh Ajji^^yi 33 ^' 

;JU-Ky< CIiLa^jAj 3 c. ^A (JaIx!:!] A-Ajlx^i^y i A T iujl_uiyi o^)Iai]l ( 3 ^>ia 

. 1 (_ 5 ^j 0 c^*!^ jl Ac. i CjyLuaxl • 

j Clal^ jJ (j>iar ) 3 ^ A-gjS A2ktjj A, .P(A) = 1 AjKII ojJaJl ^Jj ^IxaJ /^(A) = 0 3^’^^ ^ • 

A jjc. 

# (3_j]a]l 3)-° c. t Uxi Vi 3 ^ 3 ^^ ^yuiaj • 

lAa. A I^il 1 n w 

^ 0 jllill 3 -° 3 -^^ / ^A-jj)l)aAll 0 jllill j^c.^ = 3 Lo^VI 

52 / ^‘-^3uyi j^c.^ 4 3^! 3 !^ 3 *® a^. ja^a 3 Ujj l_i*iii 33 j 3 ^-^ aJl^-j 

^A Aijj ^-g 3 UK 1 Aij^)Ja]l (J^iij .1/13 J ^oA^l^ll Ac. ^ g^-a ]1 ^3 L_l*lll 3^3 

.13/52=1/4 

!a 3 33^^ ^la^y ^a. W'lxxi'i A.JU1I AJt_lx-a]l 3 ^ II 3^ A-C. j < q'N. < q 3)^ k *^ 3 -^ 3^*° '^'^ c ' (3^ 3^4^) 

^^^IgIc. = J u" # jLii^yi 

/^♦n nl 

u fe ” fe?(fl-fe)t 

• ^A (49 3 ^ 6 3 ^ 3 ^^ ^ nx^niU ^ 33 ^] A-x-ajill lil 

AS = ^ 983, 816 

•1 CjH' 

B CllAaJl ^ Jaj^jouillj ? A vwll a^Lg^w) ^Jj 3 ^ 4 ^ 4 P(AI 5 ) ^(. 5 ^ 3 ^^ 3 l^yi • 


Bayes 

;A-JU11 A13j«_a]Ij Aj^laill oAA 3^*^ • 



P(H\E)~ p i E m p {Z*) 
ff* 

<jl <j-uij A iq vA (jl JUKI jli £ di.w ^.3-ic.l 1^1 A_j\j d|i£ Iaa 

** ** flf . .. “ c v * ** ; 

JUKI JUKI ^ic. CIiS^aII ^UnUVl JJol! A Jj'^- dUaxx (jjpjyu £ JUKV1 

oAA JUKV (JLiSj^a]! UU-a^ill J£ Ax E 

# A_IaLujj Ada^UlLa ^jl i ^ I'N.J dlLliJa^)i]l Jfi Ax j.g'Na 

AiluUl daVUKV 1 JSi <jl L t i^j L)^ . U <_jia^Q (j*ai A a*iM ^^Jall JJJl (j^'Ui li] 
t S aII (_ya\jC- y $\ (jKa } UKa JUKI Ua3j a^)3 jIaII (_jial^)x3U 


O 


O 

O 


> ajjU^vsVI A^hM j!i£l L_Ja ^k jS j^jj Bayesian UiUL^^l 

? Bayes J^Uj u' cS^. 

I J B (3^ ^.)aa Jl A JUKI aAU. ^_^A /^^AIjS) ;^J^x«a J<; x*In A K X^i ^ <jl Ajqj^s ^3 ^A ^IjAa]1 

. j3 i r ixV 1 ^jjju K.jj (jl IxKii c. ^ i-\_i<a Aii^lx jA ^)d! J^b tilliA 

•A 1<UJ1 ^ja^*i LiA 

A 3-i n^a ^jx c." Uxijl ^JUll ^3 J£UlJ 1 djl.lU JU. 4 ji ls^" .K>Ja^)UiA Oy^ ^ . 3 >J Ja • 

l_J)a^. q\ i» j liA # Aii3lx ClilA j £iL]l O^-J^ ^A (j«a i A xxVi ^3 JlU]l Jxj-u (^gAx 

/o.vi* a ^.uia 1 A_ila^)jaAl djVUKV I 

;A_a]1!a]1 aEIxaII Aiiia ^j£-cu3 ClalJa 31^11 p ( (3^^3^ 1^] ^ 

P(H\N,p)=P(H\K) P ^B) 

p S^uS]! dale. ^ a^-a 11 A_iuiil\j U^C-L-aJ y*£ l^-jl Ja^.vlj 

A-LgIL^a]! Clal^^Vi A-C- (jli Cli Vidian OS a» j lAA # A_LaLiai ^j_j^Ia ^ji v^j Clal^.Vl OS • 

ojlc.1 i t vn.j j Adlii ^A‘a (jl c. t vn.j Ax. ^a^-a] 1 (jli ClaLo ^1 *a ^Laj! ^1j Ijj j ^ (> . 3 >J 

.djVU^VI <3^ 

^uV Ojj "\a\\ (jg-Ah^W axojLLg o^c-ls ^yia’iV Bayes 3 j |< q ^ a ^J a'aVi (3 cS^* 

Jdi. C t \x ks-» Ai^x^ajl c_jLuu£1 • 

3^. o^±S A -^1^11 ^J1 — daVldr^V i qa ^\\ ^~l"i Vi • 

3^. y±S L — ^ J C5-^ • 

^CliS j cill^_ 'l^g j L— m-i-^a CllLa j)W • 

i (jLd(}dj J (j^AJ V VnuiVI i^yajLj • 

CIiVIaIL^I ^~)SLa I ^>Al] ^)A^jl • 

<aljJal t£ tSliill ■* Ajajl (jA AlAxJI ^ jjSiill i_J j;«‘i Cllllj La BciyCSicffl AllLuL^ai.) tjjla. ^jJc. 

_a^lc.l tJ^Laui]! ( _A C " a_llxliii ai!jajLLa]l - " '[jjj ■ - ^~^' t _jAaxj 
;A_xauIj i al a ■ ajI ( _jA^f)iAu 

‘ JaIjc • 

‘Dempster-Shafer • 

.Bayesian • 

J^l j£ j JlSjcVI ^ jLaj 

L5 A a3 ' ^Lkj ^-i e~'L» u u jj Buchanan j Shortliffe Jj? t> ^ j^J ig jM »^a 

.MYCIN 



.MYCIN -1 J U* .l s> j^j ja MYCIN 

# .ic.l^i]l 4 c.^a^»a£ MYCIN cJ-^j • 

S^C.ts (J£j iajjjA <i_li^Jl (J^alc. • 

, . , f H^ .. .. * * J.. t t 

Uxi*s ^Li]^ ClliaC.1 AjjJa^a qa D jliSc.] ^Ulj B .iliSc-Vl A qj’q'fejl (J-alc. • 


B{H { \E) 

D{Hi\E) 


ma 3 c[ P(// i | .C) ; j>(// i ) ] -P(//0 
(1 -P(IIi))P(IIi\E) 


i£P(H i )=l 

otherwise 


1 

Pf/A^-mm[PfJA|.C),Pf/fi^l 

P{IIi)P{IIi\E) 


ifP(tfO = 0 

otherwise 


P(Hi) 

(Jl l" 


J E (JjUI (_ 5^ ax>1 (_j-a*_l qa E AijiLaJI 3^1*C- • 

C{H i \E) = B{H i \E)-D(H i \E). ' 


A SjS*vti j 

ff' EE 

^jial^)C.bU p l JU-KVL tilliA ^jli ^ 1 ^ (Jdlj 4-Ajt3 (jl La£ ic.lj£)l ds^JC. • 

)jui ^ 1 CliULnll (JJj ^J1 (Jjj-a ^lj tLiild t.lc.1 ^11 jVIYCIN • 

.^i! uSisii 

# <ajLoi]l li±Ia c)^ £y* Idld-G S^g >^q 4 • 

?Ajjjoi SJmJa Jic.1 j3 oic. (jj^S Lode. ^■IVnxjjVI j £gil£iiL ^ajgj l oft • 

ClaU^^^yLo oic. jliSc-l^Ulj jliSc-Vl dilac.! 


P(tfi|Ei, E,) 
D(E;|E) 


0 ifD^E^E*) = 1 

BiH^Ei) + BiHilE^l - B^lEi)) otherwise 

0 ifB(H i \E li E*) = l 

D(Hi\Ei) + D(Pj|E*)(l -D(J?j|E,)) otherwise 


dlLida^ja oSc. '■ q'V-V ' J dlle-l^)^! dliac-i ?A_ijjoi Cll^ki dll y J* oic. (J o Ujlilic-l l _jC. Ijl^a • 

;^ull£ v. ' ■ - ' 1 ifljaLa J 

B(H 1 AH. i \E) = min(P(F 1 |Ej 1 P(F 1 |E) 
E(E, VP*|E) = niM(P(P 1 |E) 1 P(P 1 |E) 


( jjifli J tl .M«V- j !>UI 

Bayes i-ijjc. ‘- r ^*43' 

;5joiLoi 1I 4i^>x-all <Aiaji (Jla j ijl (jSij l4i£l t Bayesian jt 

[J A\^y\ Luliba — dll lj> ^3 jlilic-Vl • 

l“ \W v j, 1 ^jllLoLl J A IflU ■ a ^ Jc.1 (3^ (jlj IjjlAxo CllLljJa^ji]! / 3J^1 A£. -^1 • 

_ A^^)ILJa>aJl 

.S^C-lllI l_jjl£ LT^ 2^ (jUuJa S.L- 1 E. (j! • 



Dempster-Shafer jr jUi 

jjc. Bayesian lLA 3 u' jiP .Bayesian J! V 1 j ■*& J&' ® jyy; ji ^ 

•Ulid <ajvLg 

PiA) + P(-uA) = 1 , , r f 

^ic. (jii ^^a ff (Jaaj A 

: 44a . j>* J& (ji ,, 3 ^ ‘—a V Jj 4 j' uW uVl (J- 3 JJ& 
# Aje S^£a Aj<3 ^AjI dj*\ jjAjl yl (J jfl ^ilaluij V <jd • 

j^. h AjLj (_j-q L>*^ tlx>i il • 

B{-yA) 

.0 A-<ua (jd^l eUnc .1 j B{A) JJ*^ j15jc.I ^lc- aJV.aU .^aII (_^A 1 j] • 

# g.AAj ^o-ul3 V 4 • 


Dempster-Shafer ^lL * rk 

*^r j ^dll Iaa cJ^iiAj ^a A-luLAM (jl 

— a^cill Asia £-o 1 ISj^j-da £<Jj dV\,A*dyi cJ^-° (jc* 'OW^ J — A^l (Jl^a • 

# P L Jjjy PL (3 ^£*_a] 1 A_it-ald j P jlijeV^ oAiLuia 

. jLi£i£ji Pl_i jiiiiic.^is UjjIl ftyi (3^ iiijc.yi ^*>j • 

# a*_a *£^aaLiLo P £a aLVI JS l^AUa 3 j. 1< L11 jl Ajx^lA ^Ad • 

.A^Ua 0jl2j i^y^J^SL^ Vj Ai^)3tAll AC J)A~^A ^gij dlaLdVlj ^AJ-oj Aaj^Jall O.AA • 

^aJa .ikljj 2 a Ac jja^aII ^ja j-dc (J£i i]\/[ 4 (^cLa ^31 (JIa'^V i <jli 4 4 Ia'^aII ^cjldll Ac ja^a lil 

.[ 0 , 1 ] 15 ^' g?* 

. 0 , . 

# jjdc lx>»jl ^A 4 4 Aj*1a]1 Ac- j)A^a\I (j] 

^a-uiS ^3 (J.U^Vijl A_iic (_^^Jlj dale jA^^ji Aj^laj ^l)aj uoa ^«a (Jclila IjA ;AJa^.vUa 

# AjC^)i]l die ja^aH (3^ m J lA^J O -0 Ja^a (Jjj^ O i 3^)da ^jllj ^JIa^V 1 Ailii^ AijJaj ^^A — ]V[ 

\ **s « 

• Llliill A Ajqll l^J Ae ja^aII ^jl 


{ Flu (F), Cold ( C ) y Pneumonia (P) } 


:2* ^ Ac- ja-^aII jla 


2 n = { ", {F}, {C}, {P}, {F, C}, {F, P}, {C, P}, {F, C, P } } 


: [B(E),PL(E )] : i^a^. «— a j*-& Aiilli < 

fl(E) = £ M 

A , , yl C £■ .. 

j tP L_aljj-aj l"il» c^ a (3 ! (ji 


PL(E) = l-Bf-iE) 
= 


, « , ~iA C —*E . 

. p^ali^l sJjVIJS ; _ ji 



.CllLl>Jaj]l JA^A Jl M J • 

• JUll (Ja££j ('o^.IxIa jh S«^lj A_bJa Jj gj^VI (j-a S^Sxja ^pL-aA ^ca.1] • 

... Mi M 1 \ m ^ 

jliSc.1 \'\h i Ja j j jjl (_paj£j] o 

, , , Af! J' ' ‘ * 

Jj-^jl (_£jLulY ^aa3 (j«ax*aV^ ^jll O A_1C. Jll Kz- ja^a X (jl (_pa Jiil O 

Ml/ \ \ 

^.c. j)^^^]] a lui il\j ^^jUI Y (jl <_pa Ji-ilj 

M* Mi ^ . Mj ... 

(jaj J ^^3 CIiI^IaaC-VI A-C. ja^a (jA V o.lpa. jlfljc.j Aidia j ^Jc> (J j-x-aaA] jpl O 

;a_a]Ij]I aJjIxaII (Ja<^u£) 


£ lfl y s »mw) 

^ 1 -E^n r^xtW) 




Ja ul 


i^JXliJ 


. ^ MJ 0 ) ^ , 

.A-IaxjLujI JIa"J A_a^_a AaIxIaII ^ul^jjl (JjJ 0 (j ^-S^)xj U^ jA Ja*\yUa 


Bayesian £***« 

.Pearl <3^ Jl*^ ciijja J^l j . I i“^.uxi jl Liajl ^l£icYl i" ^ J ^^.axaj 

; JUJ1 Jc. ^ujIS ^LaS?I i jSal! j! 

.(_£^k'VI dilA^Sfl 4 -lic. I (jc. iaj^paA (J^ xxi .1 A Wuxia Clil-l^Vl J&\ — A_1ujIj3 a 11*J! ^3 Ai^x^ajl • 

(Jc. Jujj ^jll djI-l^Vl (j;JJ dj^lc-liill] ^IaIaII AjI-wa J^l Jua'i Jax^-p (jl (j^JaJ (_£^]l ^^ja^JI (jgj±J • 

. 3*1^3 (j^ix.ill lAjJaxJ 

cAA jjJJ j^AJ — elajVl A J n j) JL (_£^kl dsl.1^1 l Am .l^lj fil^jl Clil j Ja^S jj^£j ^3 dj!.l^Vl (_pax j • 

.jri ijaIII J C1jI^.V1 

.A^.u^jl ^^3 Ajjja S-IiSa ^Jj«aj I^A j A,.n.Uxi jjJLj ^3 djl.1^.1 • 


j 

olii j <_$ jj^ (JslLlL^) Jj ^joj j ^.a Bayesian c> A ^ i l?' • 

.^xll CjUsujII Jl jil ClivL-all CIiIaI-^jVI c** o 

.^L dil^VI jl ciil^^Vl cJ_>^ eLil^jL^ll (JIaj ^^Jl o 

.Clalj* nil oj3 A_ila^jai CjVl^*jr\j O 

• Jllll (JliuJI ^.lil 

», » .. P ( fi i) 

.(j!_jj^]\j I^JJ J ^j^Llu: (j\j jui^yi • 

L. 1UH (j_Jj (jl Ju^-a]I (j-0 Aj\i l^jj (j] ^j^jLlxxJ I jj • 

jl AjjUaill O 

. JyUaC. SjLiJI (Jjxjolj O 

J ^{ .., _ -*-2e *,* c ^ _j . 

• Jliill cjI jl jail ^kjl <jLix-al] L-il^JI JJ Ia-LjjI j! ^.xxiq'n S^Lixuil ?r\x^il xxi du£ Ijl Lcus ^ j^j] 
.^xxiQ.n lg K\n ^.Vi^aj 111 AjvUaC. j)_Jj jjl (Ja^j Aj^UJI jjli (JacLi V ^-1 j-xiaVI lil • 
.L_jI^)a]I Jl S^jljjuiil JJj! ^jjl (Jjli JaxA SjUuJl (JjxjolJ I jj • 

.L_jl^JI Jl Ojliuill Juj J lljli (jvUaC- LaAvI£ o^LiJI Jxjaj ^j\jj Aj^U^jl I jj • 

; Jl5as liA A^JJI 




Bayesian 

_ 4 jj 4 js]I 4 it-.j .*'1 Jl 4 i^VI CllL^J^J ^ j U'i ClliL-all dlVUsJaJ • 

.bllil Ua j CjblajcV! Cly^j j Jl J jjLaj J Jajl jJI g-liil • 

;t 4 ]j ( Jc VUa a^C -1 > .Ull CJaxiUul CIiUaJjI ^ iJI ^ja Ajuajl j t- alu^il 4 j*jJaJ • 

.Pearls JUj j jjj * o 

.CjUIIo Jl a1u4Li]I o^jaJ O 

.Stochastic tiJa o 

CliiJI jjjjJajjJ jjjUII J j-li. QjaxlUaJj A^clill J A)3lj*JI (JiajJll Jjjall ajlA (J£ lUl-lca o 

. 4 <J,I I J 

_ J< .'.'j 4 j. 1^£ CliVUu^VI JjU ,jj i ^ j 1 jJajI ^A O 

A^n'JI ^Jc (J-^Vl ^jjjUlU 4] ■ ■ ; i a w'i J . al . >>’i J ^Jaj 4jli 4 J ^ CllLa J xa j^A CllLa JxJI Jjl • 

/"'.; w'i' ^liiJ ajUg]l Jaa 3 aJe- j _IJa£U 


J^c Jii« 

.Cardiff Jc- -ui-JI j J Jl Jac JUa *• uj Ua 
J JsUiu a.vii» /ill 4 jjj^jj1I c Ja^II Jit^ilij _l_i jauIJI Jij ciil jjJaj J Bayesian t”'' J' ULutiail 

.4j1a*JI (_JI J J Bayesian jj^j ^uLaj JjUj Ua 

^jaJI <■ Q ■ -^" '■ JoiS^I e^A — a-I^J J Ja 3 I jjc c) J 1 dlULn]l JlxJJj al jjl 4 ^ J ^A C-A.JI 

lii _ li u u j l . Jalxlj Ua lacjl (JUa]I _4ca. U. Ul 4 . . -*->4 JUalJ ( j s 1 AiJi 4c. j ^ * ^ja o^jAUall) 

4 ^ . 11 ». ^ 1 — *\ f 4 <Qtv ^\ 4 J)J) ^ ^ * 4 . un l Oi 

A djLa^ix^ajl J CljLG^ia_A c." 1C J)lj] ^jUajuljVi Aj^aC. 

^ja ^AaII CljL«a^ia_A ^jl^llj 2D *^-*-jVi Cy? AjjIual^)! 

.3D ^Vl 

Clalx Uii t A ^jqnAi^ jl 4 . 1 a j)lv*kll 3 ^ \jAic. Ajvliill daljl^x li o ^ja 111 

^C-ji ^ja C‘ \C- Jil\ ^!lll Aj^klaAAill LA ^--<^^3 J ( -^ (jj la^k d_a\ » lalaj^ Ja jIvnII 

. 0 ^ jiiill ^ j)3axAill 40^ilc.i ^A La^ .CIiI^ia]! (jl (jVi .(2D, 3D) 

;qj5Lj ^jl (JaxIuij (l]2^l (jl . 1 A x>iq'i jl AjjJa^)i]l ^C-^I (J2 j ^11 ol A ^.nVil 

. ^JA Cl^JlaJ 4 AjVu^lA Jaj)lvN • 

.QS_jjj-a]l ^ja C' \C- jyj\ ^)jj! • 

.^axII <JaJ^k (jA die. jjjl ' ^lallA ' • 


(J £] A3aJa-u3l daV3lxAll 3 Uj] J jlaJ IaAIc Sjj^ 31 JjJaliA 3lajl ^JJ .(jj3 dld-aj Ia£ jl’lVai^a 3aj3adll ^"idls jj 

(j3ljJJ j_aJa-u3l ^al^Jl (J£j^] 1 jL^jV ^3VuxiJ ^-Ua]l (.** n*s (Jjax] 1 A3aJjd ^3 g-UaAVl ^3e jjJxll ^aJJ .£■ jJaxxill j)A ^ jj 

^Jal^ijl jU Sjldl jl oj^3 lij3i» J 6 13] IjKa jjda 3 (3) (Jj-^ ^ j)J^xxi(Ji j>A j!Kl jl jllSl (Jdl3j £A 

.cdUdj]] 3^1 j j3j-aA jA j!Kl jA g]3l 3 3 *-dij jaj 13] .AaIx] 1 AfLlaiA]! tiila ^3 J j^ja ^,^3-1x3 


'\x 3-aliLa J jl^jj ^ jJaxxill i^ja ^ j j 3d\j t lg W’d'3 3]jJ Sjj^l j Aj^Jaxxill Aaj 13]1 ^3 ^ jJaxxill jA (3 3d\j jAJaj 
^ j 3-axxi 3^XJ 3a±aCjj j ^ j)axx3l ^1 jjdj o3]ja ’ OJJa J) <Q > <Q ' 1&- 3 ! (Jd'SAll jA Aj\3 jj» Jaldj ^aA 131 

3-ddl 3ajjj jl jVl 3jjj .1^1 jjjIj 11a 3 ^ j)]^xxill jA ^jj c3] Sjj5Ua a_Aa*J1 o3a .(dVjVl) ( _ 5 j3V1 ^jj-ulaII 

.(jdJl) ^xxl^ll <^3 (3-^13 (jl jdd cJ-^-^-aII j}A ^Ilil ^ J))axx3l (jVl t_fljXJ ja3 13] .03j3a3l \j33c u? <3 J] Y 3 Y“ 

jlxjVl c^- 3 -^- 3 u/j^ 3adll 13 a t^Jaliilll aUIxa 3laj\j 13 a 3 wt - 3 jsd .d aUaldjVl o3a ^31 da VI a**^ VI t Qu^tj 

3* \W ^^3 A^Ja jadl! l Vila Jal3j \j3ie jVl ,(_£jjjl l W)axxi 13 a JaULual j 4 6 j£ j ^r.J-axxi (J (_£jjJaJJ jl jj^Jaj^j] 

# ^Jal3j^a JSl C-laj)]^\]l Aaj 13 jA (jjUaA m L_aj3l 4 3l0j\j jVl ^»j3j .Aj 3 ag a*i\1 <I^.^)a]1 ^ja 4^. j£l 1 a\\ Ilia j) 3*1^^ 

UaIc. <jli S^)jaIja \,\x 3-aljj (_^311 )r\Jl J 133 # Ua^Jl ^_ja (JLaL^I 31jj l_j^) 3V1 (3^-^^ Ja^Jl .l^j IaAIc. 

13a j Jaj Ja^Jl <aj!3 ^ja Ja^jl £a ^ W,)Vi .\x f\t.tiA ^xxi^ll ^3 V (jl*^ijl (jl^Ja-x^jl ^jl 3'^^j 

^A 131 # V jl 0^1^31 4 \a ^jAjJa 131 Iaj 3 Ai^x-qJ Lxiajl d^ 3 ! ^i 3 L^331 Ja^Jl 3 ^^pai^-Lo (JIaIL^I llilaxj 
t ^~ j)]^x^i]l ^alAjJajl £3 ja ^3 ^A Alii^Jl ^3 ou^.j (_^331 Ja^Jl ^jIj (_£^kl o^jLjl tii]3 ^jli 

C. qI.x^i'i ^jl (j^-AJ ^aOVlll ^gij Jj jj ^l- 0 -J^ j)^ ClljL-iall (J A£jja]1 o3a l3«^]j IaAIc. 131 

^jl ^a^jliij] Jlloil 3^ 13] . 3 a"i^V 1 j>" nhC \ (J£joi ^^. u ‘*31 ^^-jl Ail^ CIjIa 3*-^]! °3a ^)xxiVuxi A^uxill j 

^j^Sj ^jl IjI^ jll_5 ClllsL^Jl ^j-oa j 3 _jjI£a 1 clj^l j o^)j)x^ll o3a^ ^ja Ia^LxajI ^aJ o.\vW Ia o^^-x-a 

^U3l A3l£ ^3 ^)xxiVnxxi 3^1j ^Ij^lj ^^1^3' *3 3]j 3) C5^' ^1 j^]l t ^]]- 3 JL^J *^3 13& j)l3 o^jjj-a]l ^3 

Aj^IlulaII o^^ 31^5 dj\iU31 AaaLuia djUUj ^ja ^aJI a^ u*x31 £j^ 1 3^ V13a Li] ^Ja^j 20 ^^31 .^^. 3x *31 
oAl^^l L — J 1 j^^l (j-° ‘-L- 3 jlill 3^1 l *— 3 ^ J)^>^11 (J^ 3 - 3 (jl cj^3aJ ©jjA]l J'Q'NA ^3c. 2)1 *- U^J La£ ^L-IX^aI] 

3tn ^x3a3 jJ^axxi Ajjlj 2-‘ u -^ a - 3 - 3 Lf" 3 ^ C5^^ ^1 ^ C5^ 3-^3 (^^^l ^xxi^ll jl Ljljj jl ^ j)J^xxi jl 3a^3l ^xJaS (3-° 

/oJl^Ij AjjI jj CljLx3al3j Ajj\j 

(^UJaJl) ^ualj jJLJl ^jJalaJl 

# 3a3s Ajxxiji^l 3alii]l liA ,c£_J^V 1 (Jj-x-a^ll ^3 3^1 ^J J ^ a 3 - ^l 13 a 

;6^)j^]l 33 ^] Li]^ AallLA Aaj^ 3 (^L u^all 2^' 3<Q 1 1 

.(.** v^^wj! j ^3 ciL 331 2 -° V ^- 3 ‘^I'^Vl ^ a *31 ^jVL^ ^^^ 3 c- • 

.taifiu ^■La1x 31 2^ ,||<q 11 J dale. j)^> a\\ Aj^)]^ 3 d aj^lxj • 

# ^iIajA .Vuxi^ Ac. J < Q>^]1 diljjjJac. Aj3j]^] 1 dale, Aj^d c_fl^xj • 

AjjI u/iti die- ja^jII AjjI aj 

# ^jjj31 Adldol^ Ae. ja^-^] 1 AjjjJaC. A j 3. u^>)l dale. ja^-^] 1 Ajj]aj idjxj • 

•^3lj]ii] jd- 3 jl j^da AjjJaill o^3 AaIx31 o^c.1311 


/ : [o, ir -* IP, 1] - 


^daUjldAVl 33 c. n dn^s 

# d3j a3aIL^a A >jai^ f ^1 3-^JJ a3aIL^a dal3^.i \\ 3dl3 jl (jdd ld\j LaLujI ^ jj-aJ 13 a 

jb j]*J 33 Ia j-add # jd> L^jl^ 6 Jail cA_alidA L-flJjlxj 3dU jl (jdaj Idjl >>" aj*s ACja^-^]1 AjjjJaC 33 aj 13a 
^A-uij jl jdd j^j # j3£l jd. ^Jl jjVI (_^jld]l jlj 33 jdi j/r\x*i Iajjj tl3^ jl^fcjl ^^^l ^J.Vag ll ^jl£]l 

# A_j\jjJa]l t_fljjlxj]l daljiK^Vl UK! ^Ia^JL d ‘ili'^^Jl diJjl ( x4il a3^3 
.dale ja^-a]1 0a3 ^3c .Vi’uxa 3j 3^. j]a Ia jjlaj jl jdd j^j Ac jAadl AjjjJaC L_flJjx3 3 jc1 AjI Iaj • 

.AjIcIL jjjjj 




LaS-k Bayesian 20 . f—jJl 

£j 


Aj^^aW 

-aVl S^aJIaj! ^ ^ jj-all (Sj^Jnj ^-IJJ jl .2j^)j l lU Vi C_jlluiVi (j-a .lp*Jl lilUA 

'4-ixjikj ^ jLaj — I^±a 11 ^iVutij jLoijVl • 

- (jj\ j5J! (.J-OXJ J ^)9jJ • 

# Aiili]l o^La^Jl ^jxxi Vuxi dilAniaj]! ji • 

Aqjq^H ^3 # (J^ x xi yj CliS^l (jjiiij (j-a (J^xxn ^jVnll <Lls dilc-l^^Vi lA 

Uxi^s t(Jl^. AjI ls ^" . IaAiAIj Ajj* x^ill S.vi».*a ^c.1 i3*ix^iVl Cjl^lja.) (_j-a 

S-llLa ^A j - AjjI jlall A_^a^}i]l AJlLal ^A — A_iaxxj^ # o^. j \ 11 Ax.^ui]l 

j Ai^)x^)] A V'A^ll CIjU jlx^l c. Vw / AiL-iaV j A xaJViVl AjLix-a j c-Lii] (J^joj ^) n* J — A^JajvU ^^Ux-o ^jj^laj • 

,^i.rnxx,yi j cjU^jjijiaij 







SaKVI aI^aII Ig-La \W (_5^^ J CljLljaiill A \j\ ?U 1 


^C-Aj J ^jKaj (_J^ — SAIxja ClAjYq'i 

Js VsUlvll Ai^jx^l ^3 (JjJasl 

.dlVl^-a fi^C- ^3 (Jja£ (Jfr^X l]l (j.J"^3 U*Ax A_j^IUa Ai^x^ajl — oJAlIa ^)Izij ClslA_^.j 
.(_)££ AliAiUj ^ .JVill (jli A_1 axj (^JjaiS ^Uaill <_ja Ia ^3^ ^a- 2 U] — A^j: 


*ic- JjUSl ^l&l A-alajj 

(JU- 3 - 2 ^! Ax jja'Na J ^ (JaI^UI ^ajaJ ^ A_L-i ailA CIjIa^^ (_ja A^lj(Jl ^Uajll ^A ^J^l^l ^aUaJ 

.<*AW 

.A t.ak\) ULK cJ^- 2 A K a*i<q]1 (Ja*J S^lx ^(JaIx^ *oA^.j (3^ • 

^jl^J ^aJaill £-1 ji\ <ja ApxJl • 
cA^^jJjaa A_3j*_aj Iia o^)3o Uai A a)Vi 1 o 

.UK A3^)XAj o^jlxluj O 

;3j^j <jl c. t i^n ^aDVill lUfc J!ia 
.CIjIa^jJI yx Ai^. ^Uxi'n • 

.oAi^. Jl,^l l_iK1jj • 

.Ax jja i" UYq'l • 

I AA ^^3 .ojixluill J (jU^ajVl c_lKl^J j t^UJl (J^n/nll CIsIa-uj £a (JaIxIi <jl A aJViVI ^Ac. (jjl 

;o^Au ^)!KV1 A-C.^^431 ^j^l\l)l ClaUll UuaI (jl^jlj L)f\** A 

^^^l A a Jo 'll • 

.AJUu ^gjl ^j^x A a Jo 'll • 


1 jjal^I 4_alaji 

.21 f-jll^i 4 ^ ^ ^ ^alJaJ ^-boiL^Vl o^jSsil (j) 



:t>> uj% 

jjl iSta 

' gjix-oil ( _^Ic. (_£ s""'' (_5“^ 4 Clll.1^. <C- J-^ ^ — 

_4 q V' - v j.M ■ ^ _] ■ ^jj J A^^jiLouiil CliULull <jjj — 








S jhu J) ^Uaj 

^a JvIaaJI ^Ac. JxIAliuj A_a^*_Jl ^ jlx.ro a ^ 1 ^jaI ^a — 


4ij«^j) ^jKnj ^nru,i 

t ^]o'u J^. J) S^)j4xxJ! A_lUj L_li£jJ 
AjjIJoaII All J9 JI j aAo-ujjIJI c^lVs fcd!ylVj ^\\ J^j A_a^)*_rjl CliVl^-Q ^-iJnjj dj-^j£ S^j^jJjoAI ^aUaj 

# J£LAlaJ1 JVJ 

.A-ia^AI A jK ig 11 ^Ac. SAa!1*-qJI dl q n Will ^ja jl J^lj Jl AJq'ia JdJl JL^-q 

'4jujz>. Jjl^. Jkj ^JA (_£jlulA j£ dU jl*-Jl 

K ' ' . " 

# A_jJ^)i]l A3 ^)*_a] 1 _jjlx.rO A ^Al ^LaIuAa AijX^Jl dVl^-G 

<3^)3«_a] 1 dlj ^. j l_jI j^Qdjoijj AjAxxi^ jl ^jLaj) dlelja.) J\.Aa,*utuj i S_j^Jjoi]1 A jKjA ^a d^ljj^Jl 

t S^)JojxxAl ^aUaj dl 


|S_J_J±Ul £A A » Jog A II _JJ)X^oll AjJtA A Vi (JJjLil! ^JA Ac. J)A\A (jl 

# A_^^111 ^A c. lA^-djj A_aJvIa Jo^ll I^Lj (_jjAjilJj ^ Jojl ^Aj j)o"i^Jl jinn • 

# JdJl ^1 (Jx.>o 'i ^ Jpgll fiJA JIaj # A^. ^111 ^Ac. Aial jIa djl£ |j| L$^.J AjtAaa ^^^Ac. ^jJdj jx^oC. j£x • 

iI^a ^ ^Aaa ^1 (_£jjli Jj\*sAl • 

• c. t vnj S_j^j joj JV JdJl (jjfLA 

J^Lxaa qjJj j L5^ i‘* lAxiai ^ex i ^j! (j^Aj A a Jo'dll ^jjx^oll A_a*A # C* ),wll ^ _j3jj ^ajaj _jdL±A jLxdA V • 

4 1*Q < Q-\. 

>( j-ka ^\ ^-dj ^ V • 

^A^.^111 ^Ac. dVlx^Vi j£ • 

A 3 il Joa Ig.a x3ol ^lll aA^] 1 (jj^J ^ <a *^ c ' — ^jl j Jo 1 x xi Vi aJic. (jroAxxi 3* • 

O^^IxaJI t _ 5 Ac. Jdll AJl^J Jo XX) J4A ^jjlxj ^.'l» J — (JjAax) JA ^.^l^Vuxll C ^ AJo V • 

^Ac. a_iuaJ 1 ^c.l'iJox^oVl ^.l£j]l a a Jo 'ii ^a a Ag All (j-al jaJl oJA j — A_j^l^!ijljj ^JjIJj J^n ^a^j J^Al • 

t a_jj u Jl ^jjjLxxj! 


;a^lc.l A KxxiaII ^ (j» a "il o^JojxxiH oJ^j A_iaAI ^•Ix^ojV 

/oAi^j AAU. ^a A^. (jl (j^AaJ (j^oAxxi Jo’qa (.** n^-kji jao ^3 q^jJjoAI <jl O^Jh 

a A » Jo^aII S^jx^oll AjIaC- J Aa. jlll AaljA t _ 5 Ac. Q^JoJxxlll L_ialjA Jl • 

^jlg Joj JIa a 11 1 (_JA (JAx^oVl (jl (j^AxJ jl Ij^. A Jo J x x) ) ^jl A_aIaxJ1 oJA • 

J JjJaal J*S xxi J ' ' ^Aa^Jl (jLxAJ ^J^lAlj ^j^oAxxi J^ ^Aa3 

aA^ xx) Jl J^ ^jSI J 4 ^lA^j) Aj^jj^jJall A jx^oIaH ^Ac. ^jL^x£ V (_5^J AjjIJoa AjLkJl • 

.<J JW^V' 

l_Ac.1 ^ aAjLaa J£Lxaa aa.1 jj d^jixaJ! ^jjjLxx:! ^Ac. a_iua] 1 dl.qjjJ^Ji • 

^IjJC-Vi (_J4* J J^lj ^xxi'qll IjA ^a /o^^lxjl ^aUaj ^JiJo'l Ale. Jo'l J3 (_ 5 AJ^ J^LxaaJI qsx* ) Ovlc.1 JHaJI _jj)x^oj 

.S^j^Axj! _jUa] a xro'lj (J^nJo'i Jic- AjjIJoaH AJalaAl 

A3j3lJ! jJL^a 

.AASIoIA j A Ix^oVia ^jjl XrfO Jl ^ xx) Vi J C. t TN.J A^)3 La] 1 diVl^-0 • 

* J^. ^aLuiJ J (J^Axj IgA Vi ^A Aaj^JdJl A^^jjla (_jC- Vjj jaL,Q c 1L$"^ c . ^>J Ai^)*-* j.’ixrOA J^ • 
t ^).ix^oA.H Jjjt q‘i J^a J^jiJl JjV^ jjVi Adljj^Al Aaj^jAAl Ac. ja-^a o 

jl (JJo'iaH ^C.1Ja^J t J c.Ij^]I die. ja-^a^ aAIaa Aija_Jl ^jIx*oa • 



<^A A_3^)*_a] 1 _jjlx,Oxa Jaii3 j # dj\jLn]l k_Jj£l^J ^Ac. ^)A*>Jxxn jl Aa^3 S^^ixjAl (Jaxj Ai^)*_^jl ^pL-a-a 

.(21 ^jil) (jl 


Sjj-u^J) ljUUj c-u£)jj 

# (J^jl ^A] (_£Aj 1 jj (J£jolj c^All c t n^^l) Cial^mo)! JA^j A_3^)x^a]l ^pl.x^xa • 

(j-a ^I.xxi-nVI (J-okij CliULnll l_u£1^j • 

4A_LkA<Al CjULJI o 
4 A_is j^jl Jjl^Jl o 
kJjl^jJl o 

tAjjl^jj! Jjl^Jl o 

p^lajj^ji ClaULiJ o 

k. n'sl JJ ^.ixJ (.jA^JA (J^ XX) Jl •kloli ^Ixxi'nVI (jl j)-Q (ALoAcA A K xxixQ j& L_li£l^l] ^jl^jjl • 

^ j / * o* 

# l_iA A_i£^-a o^)^Jj-u dili±la jl oAAxIa k-Jjl^a • 

^Vlllj SjJawuill 

# SjjAuJl ^lc- klAjm'ill ^A1 Ajjl^!ij\j l_j jL^Aj A3^)*-a]1 jAL-aa • 

^3 A^Cp (jl k. vnj (JL^C-Vl (_^1 (J jA^AI^ J D j_jAjmll ^^^Ac. CjI^jjxjII k__l3l^J S^IaJjoiil ClslA^.j A-C. jxQ-NxQ • 

# a_AIa] 1 6 jln^ll 

* Ual A_j S^JaJjoAl djlA^jgj ^alc- (J^ xxi j o^3 jlLa (J» Vi CllLo^lx-cAl (j«Q A ql'l'N.xa £-ljjl • 

jl toj^fuill ^Ic- o 
'jS\ VAl dA^J ^3 (Jx^iq IxQ Jlxlj O 

.oUjVI jff^lkj^ jA ^-La k. QAgll 

; jj£j (jl (j^4 al^Vl • 

jl 4 oj^±x^Jl k > n^l^jj o 
f •• • 

jl 4 A_3^)*_£jl ^pL-a-Q O 

Ua!>& o 

4 ClaULi^Jl A_i^.jj - ;iA1]a ^Ac. Jlla j) k" vijili ^ c-*Will ^Ijjl (j-a AjAxII # Cli3^]l < x-a l,jl*N^a Cjjjc- (J^lq^jl • 

.(dsl^S jjJl A_i^. jj tk. QA^jl 4-^- 

A KxxiaII ^UHLujIj ^ 

;AJliUll S^jJLuAl (J^ kljUaLAij (j-<uJa A_AlA]l A_^l^£lAl C!j1j)Avn 11 k‘* iW’i 
/o^^jj^jjl ^Ijji^l ^n»o]\j ^ A3^)x^jl # { 

i.Vux)VU Ual — .Ip^Jl (J^Jl aJU. 1^-a^ 3 (^ (jl (j^-^J ^A (^^11 A_aAIui^ 11 ^gjj A-3^)x-a ^Ax-a-<a (3^ .2 

.AAlim jl U^xqUjJi CjUUJI (JjLj ^^Ac. 
.aUjyi ojjj (Jja^ji # 3 


; ■ jq xj3 o^fijVl fijjJ S^Jajj^Jl j # 1 

A_3^)x^]l AJ j^.^) l,g 3l,uxi^ ^a.^VA _j\j^Qklj S^j^Jj^jjl ^Ijjd^l (j\i — A_3^jx^jl ^Ax-a-o dijl£ oLiijyi lAj # \ 

# (A_j 1 

^ XX) -N.il 4^1] A A -N.ll» xal A^^)3t^]l ^Ax-a>a jjli 0^^1xjJ(_)l ^Ixx)-n1 j)-Q ^\xxl-N k^3l£ oLiijyi 1 a| # 2 

# (Ajj^^)-a]l klalA^Vl A-l J*^^) A^Liuj J^n ^xxi-n. 11 ^Jax-a j 
C5^^J ^^)*-a11 _jAx^<q AjLq3 oLiljyi l-^A Aijx^Jl ^."ix^xQ j S^^ix^jJl ^Ijjd^l (J^ (j^ 1\1 .3 

1 ^ q! U 11^ ^ I nN 1 1 *\ ^Q*^ jl *A j<s t -\ 



: C5 Hj 1I tillj j jJJ (jl VNJ l^Jlj ^)AJj-uj A Kxxi^H (J^. Ajl^C. # \ 

jl 4 ^J^jLg (J^. ^Ic- cJ I aI . 1 
J^ki 5 )Iac. CjULnll ji <i^)*_All 4_Ia ^Iaj # 2 

4 aKIVI ^4 g^Ul lift ^ic- 4Jlal 

|o^)^jj^jjl ^jjjLojI 4_iua] 1 A jl^at 11 ^LtJajVl £-1^1 Q^ x ) ^ft 

HEARSAY II 

# dj^-L^a]l j)j<a'l ^alJaJ # 4_lL-aVl S^^luill — 

HEARSAY III 

.JjLJ! aOVlll i^j-o 4 ^aaa 4_^_ujj — 

BB1,GBB 

'(_ya 1^)C-V1 SJAxJLc Clal^^jjaj — 

HASP 

(A-p jj-a CllL^. <Ja-ujl^J c-IaII C' \ Vi c-LikjuVl ^ y^-J L d^LujI <j31^a — 

TRICERO 

# (_£^^Jl (Jl'N^ll AjsI^a] (2- a *^ j - a - 3 A-c-jy* &^)yy* — 


4JLuijil jyfi> 4 4KII 

.eiUfifcjl (JjJj CiaVlx^M aUaj ^jC. SjUc. 
;4JUll (j^la]l dll^^Jjaill 4 ^aJVil 2)^- ^ flV’vVi 4 JLuj^)] 1 ^-A^ajl 

# ^jia*u]l ji (J^^. ^!i£l 4-9 ^)*a ^gij (J-al^*Jl (JjlIj • 

.AjjD^/lll <A£a] 1 ^jq'^l) tL-lic-Vl ^ic. ^jjl 4(JjLo, J\ ^AxluLl <i^)3t^]l • 

# (jj^pkVl s-^l^^il £a (JL^jVI cJJ*^ a 1ft ^I.^VuaiI (j^-^ *»" A-iSl^jl <i^)*^jl (JaIc. (_]£ cdliAj • 

^)aj dlU jk^Jl ^cJlcLl • 

*4_illlill CIjU j^s/all c^IV’a'i AjIH^JI aJLuj ^ gjl y^ 1C- '1 

<KmaI1 

C5^ C-ljf** — 

^Uaj f !>l£j 

# ^cJl #>> Uaq^]l *wll» *a 4^-aljVl CIiI^a^a — 

JiLu>j2l 

# JaAl]l 4JLLla-a] c-^l^^ll U^JaxILujJ ^jl (_j£aj Jti\j ^aUajll ^3 A lAx^ill 4 i-lUa^Sl — 

Jj£jJ 1 uiua j ljUUj SiC-ti 

.^UVi'l ^^3 (.** l,K<a — 

sijiii 

.^11 . ..(4^1-uJ jjjl / (3-^V^ 4^Jl*Ji] ^c]l*_xa (J^ — 


;Lo J^j (J 4 jKj1! cIjLo ^1*a] 1 J<; jaLjjgj ^ ILaj ^,'q Tu^i 4 Kx*a11 cJ^j 

.((jl^j^Jl) ,ji j^Jl j L_flj-aj<jl t^jaiVl 


# (Jj£^] 1 dll^l^A J 

(Jj£ ^11 A^xu jl LJUVl 

. Ail Aft i J~V 1 1 L Qt^\ __ ^Jj^^ll 4 I-l-N. 



A it ufrill 4LUI A vHt a 
_ «* •** _ * 


Au*SLa 1\ 

(_yax . j ^3 (j^j 4 A_iaAVI aAA (jLnlj t Ax_Ill ^Aj tAjjLi^ll ^l.g a!1 ^aI (jA S«^1 j (jxi^l.Vaxxi (Jx^qll I.AA ^^3 

(jlxlij (jaj AjaMj^ll AjlIII ;^_allj LJ j! AIIxILg (jd ^-aII LaK .Ajaj^ll Ajj^)ll j AJlUI > M ^Jajll M Ajj^)ll ^a (jU^VI 

JjLda (j^C (jJall'Nll Lil^ (_^3 . jjx^ill qa (jj)^$ ^ (j^C 4_aj^l C 5 ^ I.a m 4 e^^lla^il jl Aii^]aiA(JI AjlIII qji 
.daliLnll dilj (^J^n.!! ^.Ixa!! (J (JjIL^jJI (j^x ) 4^ > .xxin11 (J^AaII daLalx (_jdxj (jA 4(Jjj-a^Jl 

AjiuJall ^ullnllj La jjac, (jjffig a lluil UjI C* ajNj — ^dJI (j>ic a A Ag \a (^A ” daULnll dliil ^.qjj^ll x a! 1 " ^flalL 
UJ)^£ ^ -la^S (j^C .( . # (j^£JI dlLiA (jl ^g-lxj (JjanII (Jaa^JI (jj^d fc - ^dllc Cl jULnll A \)ax 11 

^x^all ^aLlaj Id (J££ xxiaII j)A 4 IqlVaA £_La3 ^Ac. L-fl^xljJ^ d^)j Ja^3 (j^J Laj^j Ajj^I! cs^ .LdlAA V (^Sl^jl ^)jxxi^ll\j 

(j^Sla (jl d^j (j^j 4 jar jjiJ-ill AjlIII ^3 4 Qj u^ftj a (jla'aj Sjjjx^ll ” ^ "a* a " - xxiaII j)A Ijjj (jl (j^AJ (^iVI 

C3 A_1a^JI "aa a (jl (J^ll (j^-GA ^dc- .Cj i\-j\_^3\ oAC-lli (jA CIjLq^Lla]! (jdx. J c-UaC-L Ig A.'a-d axxiA A.Vaxxil AjLsJ ^^ic- o^pLs 

(jx ^-3 (Jl A /ag a j t qV’t^ C 3 i» a\\ # dj\jLlJ ^Jax-a ^Ixaillxjjl <jJoJ 

^ Uxi^ A,\x x^-a j A Ig xxi 


AJ^ulaI) 

dll^_^l^]l jl A_i*_nla]l AjJll Cll^L-aj ^llijyj ACalxll Aj^t-Hl Cljlj^)iai]l c. ^.xxi^'uxiV dj AjxJjJall AjlIII A a 3^ 'll 

A_a^_a (j^Aj ^ (Jc-lijj UxiaII & Lg^aC- dal j dlljA (jU # Aj^A^)i]i Cl^nlal^] A_iaLgV 1 

AJlUI ^jl JVI V xd-ajl Uxi (j^j . (j.ljl-a'lll L_Lujll^]l (j£-x^jl axxiAll _jjjI * j ( ^Jxxi^l Aj^^JI ^J^jjl 

t ^c]l t t t Aj jjK iVI jl A_ij^)3l]1£ A_i^. AJlS (_^l (jl (j£-GA (Jl jlxill ( xda ^a A_i3t_nJa]l 
A_iJ] I ^-3 (j-Q a L_ixj-al Ajjl^'aAll AJlIII ^-3 ^Ax-lilallj jl (jj)]^'aAll ^a^l^jl l_j ^UailU Jx^'ij C3 (JaxIulaII Lg^aC- 

% As^ j)i)->a 1I 

La A_L^.^a ^3 t^Ax. jiJ^aII AJtill) AxL±la]l C1l>1,'*Oa jl ^<3 j)J-a "iaII AjlIII JJ’ia'i ClaljCl^ L_jUad]l dal jldL UICj (j^-j c-l jja 
; JjlVill I^J A jxxij‘i^ (J^I^)a da^La dlliA .lg \ "al* a A3^)*_a] (Jajlj (jl l_l^jj CIiLaI^I j)A ^^jl^3 jl^ A_aj13 Uax (jj^Jxxi 

•(_^jaall JjkSlI • 

.aIa^J _jj£I jl ^-Ij L_al^)C.I ^ic. (Jjj-a^ll AJtl] ^jjjjlill L_ii£^!i]l c Qx^'i Aj^c.Ij 3 (jdlj3 (JaxIuC c.“ aj*s 

Jj^Vall • 

.aIg^JI ^ax ^davLiiAj jl^ ^jl J/ia'i (Jx-a^C j (JjL^C >>" aj*\ 

;^*-3ljll JjlVill • 

j)A aJIx^jI ^K'dll cljl La A 3 ^)xa(Jj ax aII (Jjjaj ^3 dal j-^qll ^IaI Ajsldal Aj'sl Uxi daLo^LtA (JaxILuC (.** aj's 

•C5^ 


daUI^JI ^ a~n Au \f\ ^-3 (_ 5 ^C- LaC^L^ j)*s. "all t A \x jjiJ-ill Ajl1]I A -yW.x a! A_a jg ^a A_L^)a (JdaSl ^ j^'all Jjl Vail A_L^.^a (jl 

• (jdjm jj"i 1 a -N. il (_^a^)jii] tJUJI 4 _J_iajoj ( > jAc. .a1gI£1I A 1an. 1I (^dtA Ajld A_lad IdiLa^j to.V^XA (Ja^ Jj^ xx'nl 

.^Jl CJ&\ jsl • 

.lxKII (Jj 3 (jA (J£l ^->h»ll • 

A Ia'Ina dalar a Vi Lil (_^j)N "all JjIn'iII ^a-uij # L_il£il (_>«^lj (J^^ ^ £ia*J! jjU ^1 jjCc.Lda jn "all Cc.lj3 

^ , a» aII ql ^.j^Nx^ill (jj^Ja]l ^3 jj^'ixxi (j^jj t^^lj ^Ia'Ina lx jan'i jj^jxxi Ja^3 dlliA ULi^.1 A Ian ^3 dal.AKH (jA 

;A_ilLlll A 1 an. 1I ^3 c JHaII (Jxjuj 

J^^Vl (J^i^j) a ^IgIlaJ A_L^la]l (jlcVI jC L_lj^VI • 

' ' J 4 ^A_iajaI A Ian ^ Sd^lj Ax ja\a (j£-da ” A_L^la]l (jlcVI jC L_ij_jVI " (jLj j)N."all ^C.lj3 (jA ^dVlxjj (jl (j^-^J (jaj 
^ a» a ^gi3 t a !dl (jl 1. nlc- A 1 an. 1I a» a ^-3 d^)j LgAx # (_^^)dl AxgjaI A Ian Ax ja\a J^s xxij M ^jx^jl VI (j-dJI 

.a1gI£1I A 1an. 1I (^dtA ^ic. (J j)x^in11 Ajj-uj -naC (Jj 3 cdalx janaII aCA CIjIaK 

dj ^ 1^>H 4 cJ15a1I ( 3 ^c- > da\,AKll A Ia'InaII dalx a Vail jjA ddJI dlLiA (j^^J C3 (_^^)dVI ClaVL^JI (^3 

I^JLill dalx AN^ajl ^ 1c. o.VauxiA (jl'a^Va-NA (j\j^l^3 dlLiA M dal^Us^jjLj jac. 



# djl^Llaj £_AaJ ^aC. 6 (jl ^caC.^ lS'^) • 

^j-o __¥*£* (_£>_J J Clll^Uai]! ^x^ij Ai_j 4 (jl ^,'iaM ^Clll^UailL (S^S) *^0 * 

(jj^pls ^jj) *s Uxi (_J^ LiLi^.1 .(£ A_Aa-alc. £)J^* A lxQ-^H (jli 4 _Lu^-a] 1 Clilat A -y\W AlArJ! lilliA (j^faj LaAic. 

;A_ill!i]l A_La^Jl t Jlluill ls^" ~ ^ >Ml ^4] *3 qLxJ1 <9^)*_a]1 (JL«wl1uj1 ^1 C- 

>( jjlJjIj ^1 IjjUa 3^4 Clilj • 

Cj ul^ ^^^-iil ^rj^x.^11 ^.jat a\\ (j£l 4(_pa-olc. (__£ (J^xxi^ A_La^Jl aAA till J_jjlaJ V (jl U (j^-^ 3 L)^ 3 

• L>^ jLj Jl l^pUa ^ Lajj 

4£ila]\j .Axlll Ac. 1^3 AjLj^j SaLc. AA^j ^jjjl^ll ^3 Clil/aKll (Jxq^xqII j^'ill ^j±i I j3 AA^j t(Jl-^ AjI ^Ic. 

L_i^)xja]l # a1a^J1 (Jj\ V il Ac-I^aII (JLoxIujV (_£_pii l_s^)xJq glWi _ A_LaJl (Jj\ V il L_fll£ ^jc. lAAa. j Ac-lj^jl A^^j 

4 Qx«Vuxi ^»aIa]I ^xxi'qll # CkUKU A_Lu^-a]I ClAat A Vill ^jAuj ^A l/a^ll A_Lu^-^]I U j^VI djl^aAi (jl 4 t vn.j ^^xll! 

Akll Ac.1 j3 AjKxxi ^ 4 Prolog A^-a^jjM AjlI c-Uj ^^Jc. 4 AjjxJ CliljjxJaj A Jauxn Ac.1 j3 c_jj£j ^jl 0 ^-^ <»■ \f^ 

'b^yjiVyA\ 


APljljl AjU£ 

^la-uAj (JlxSV^j ^LajojVI AjjojLojVi A-j j^'ill c. qIu^iVI A_i^lj A \a~\ A_nj AA^j Ajar AJt^JI Ac.lj3 

(j^fLa (j! ^gij (Jj-gj tLo A_^>a^)j AJtll Ac.lj3 ^11 A_iuii]\j (JjLa-q CA^" ^ # a1a^J1 L_li£^J Li] 

l^jl J-^ 3 V SUax-ol! Ac-lj^]l jli 4 Ajar jji3-a\\ AJlIII ^j'^ar'i C t lUxi j Ja^. O xaLik-o ^J-aat!Lui-a]l ,33-®^)]^ A 4 i^j^ar'i 

'(_£ J^xxij aJ j a1aIL^-a]1 iJa-^11 (3^ ca^*- 3 
AC>Luij j L_li£ jiill AA^j lAj^)xi ^j^]j. 6 ^rj^x^a L^iL ^Aj] ojlc. AJt^J] c_J^jx-i V (j^- 3 Ajx jjilill AJtl]l ^3 *A ]^*\vUaJ 

ClaUrJ ^3 j^ill c. (J^axL^j Lille. L<a£^ (^Axlixgj ^jl Ajx jjli A_iJ 4_flj_a^] Ajl^jl A 

;(J!lq (Ja^. L_J^)XJjaj (__5^]^ Ac.lj|jl Aa^)j Uil (_jia^)jgj] ^A^-a^jj]! 

.djjj^xxnll Aaj I • 

.^L-aa]lj ^paJ^All Ax,V! (3^^ • 

.Aaj L& \ (3^3 • 

•(3iLa A_l]aLk g-l V'nxxij Aa^)i l.Vi^l 

Cluj^xx^ji (3^5 • 

# AujV^ JSI ^L-^a]\j ^paJ^a]! • 

# AxjlVl dUj^xxijll (3^ • 


;^Jlli]l lAA ^-«a J^UI 3 (^ 5 ^]^ A J-ajxx)^ Ac.lj4]i 

^AJxi OjUc. 4 A_lAx»ul 6 ^)Uc- < — A_La^]l _ J • 

^ajail < — A-IaxxjVI A_La^Jl # 2 • 

4^_flJ^)*Ii]l SIaI <C — A_i<<a-uiVl ALaaJI # 3 • 

/ojUc. ^joj! 4(3*3 < — A_i!*_a]l ALaaJl 4 • 

.[•^3] ^ 

< — ^Jak-x-all ^a-uiV^ 

t j^lxT^qllj ^paj^-oj <C — ^joj! 
t j^dujj^xxllj <c — ^JOll 

.[jsi] <- J*i 
,[l@] <- J*i 
.[] ^ — l ^-^^)*- 3 



Sjlx J /jl A_l^_ujl ^Ac. cJajAlI A_L<Lgkjl # A^A^i]l dll*A ^C- 1 ULl^.1 ^JaxIi£*£ A_AjaA jdA ^jill (j] 

# ^juj 1 J (Jl ^Ac. (JlllAJ^ L_flJ^)*Jl ftU jl (J (JIaxIxJ^ ^Ic- ^juj! ^Ac. IaI (.JajolI A-iA-ujVl 

4^}jj^aU1 (J^IAa Jla AjI^JI ^3 Ac-l^Jl (jj .A-IajJ bj^JC. j ((J£l 4- ‘cilij ^^^Ac. JISa j) (Jx^ c) -0 -^ A^x^jl 

A_i3^)Ia j^A^) m cJxS " j M ^j-ul " Jja A_LjAjjjV 1 A-jj's.'ill l qIu^SM t A qVr^/Al CIjIaKII (_£^^J1 t alx-all (^5^11 

cAA Ia (jV Ajlj^aII (jJ^Vt ^3 djLJ^]l Lixda^) .^J^Vl (_£^1 iuia]1 c flLb-al ^A1 (jl (j^AJ V ^A Ia^ 

.(Prolog l)^*A ^1 e^jAJ' ^ 

(jl C. Qj^S AVl C5^^j tL-ll^C-Vl g>VllC.\j AJa^U (_£ J)*sJl L_li£^)Jl ^)J)XrfVl (jl (j^AJ (j^j SUax4]l ^ol jll] 

.AjA-i^l a^JIxaI] <\)hA (j_j£Li Ji cIjIa ^IxaII j)A ^jJl IAa .(jjqV’vNAll jjjjj^'ill J j^Vl ^J1 ^jJLi aAa^JI 


•(jjjjlljll (jdlA^Al ^JJC-I A jarjjAi AjJ l_j 1^)C.V 1.1^. A_ial£ d Uxijl SUoxaSI Ac.1 jJl t^JalL 

,±jj i ^ • 

.(^^JAl AuiVl aij cJ^A • 

(j_j ^ 'lui JjVl aIa^JI jjli ( o^lc-1 Sjjl^l a J-> jx*iill Ac-l^Jl lli^l 1 jla t Jlxal£ du Vu^-> ,? (J^U "j ” (J£l " Uax Ijj 

glWi A KxxiaII cAa (J^A .liJxl ja ^a dilix-a (_^1 IjAx > >“ — V AjjIjII U'ni t^c.1 \ a \ 1 ~* aJ 

# U^c.l ja Jj (_^^kl ((jijl jS) Jic.1 ja AiUiaV 

t (^)jAx^i^ ^ajajl tdjlij-a t(^)JAjJa) jxAuxa <C — (^jJAjJa^ 0^)\-}C- ^joj! 

> djlix^a (A_L^a < — djlix^a 
A k*.s-i < — djlsj-a 


.[(JjoJau] < — Aix^a 

•M < — A_L-a 
•6 11 

^1 Aj^xIaII JlxaVl (jJJ (jl (j^AaJ (j^-j 1A] Ux_uj<Jp (jl ^A \j^C.lj|j ccJAxj jjl (_^^)j^jjJall j}A (_^H1 ^)^V1 ^-^^-xaAI 

_j " 0 ' _ ^ ** ** 5= 

-_1^J t (L** iK'ij C- ^gAc. (JIAaj^ ^axi~N ^1 ^-I'iVl V (Jlxalj (l_ 1^J C- CfAc- (JlilAj^ Iaxxi-N 

t (l)^AaiA A •yrs.x-o Cl^jAil ” AuiVl (jxial.n " Ia nji tA^j^x^ n .luiVl 

(Jjjjoj ^gAc. - ^>i£la ^)A£1 ^c.1 ^a AiLjal (JjL^j (jl (j^-^j .1^^. Aijxxiji (J£joli Aa^a ^Ja^. dLiAl^ Ia (jVl \j^c.l_ja 

# A_Ijj-a^A]l ^1 -AjojVIj 4 J^Al dll jUc. £A (JaIxJJ (^All Ac-l^ill g-l'Kl < JlicJl 


^SjjoiUaJI Sja^Jl jic. 1 jL Ai jjxaII t Prolog ^ ajKxxi A_nj ^^Ac. &jdi 


Prolog ^*A ^ jc- 1 j 4J1 

(jja 1 £)1 ax1luj 1 ^1 AJalxll AjK xxi 11 (jl 

Lilklj (j£l c ((jjLJl JliuJl ^ oj^jl^ll jjA J\ Ax. ^a^a s^dliA ^ (^Jl ^c. 1^11 a_jIj^_i Prolog 

; JAa # AjJi\x Prolog JluLa^jj 

,Ojlx J*a tojlx ^jo :1 < — A u~s 

sentence --> noun phrase, verb phrase. 


; JiLa J! 


sentence (Words , Remainder) :- 

noun phrase (Words , NPRemainder) , 
verb phrase (NPRemainder, Remainder) . 


Ajjil!) CjLjxJaJ) 



(jc. 4 " ^ n (jl 4 t vnj 4 _j^)xa]I 4 _j^)xa ^Al — A j» jjiAi Axl 4 _jI^)C.V 4 __fll£ .IcAjljl 

J A K a*ia 3 -0 ji£ (jl C&H 4-jl_jC»VI ^ ^ Ia'nII L-ll^C-V .IC-I^All (jLaxlLujI 3^-^ 4** A J^lall 


(_£^a3l 4 aix-^]l Ajllifl Sjl^-J ^1 3 a *Aj_uJ (_jl (_J^-oJ ^lill A aVv^^ll Jic.1 jAll 3 -0 AjJlxjl J3 illllA Lq^aC- 

^3 t JHJ 1 ^Ac- # V jl 4 _J^)xj ^jl (_J^-aj A-LiaAl 4 -kA 3 ^ la^V} 3 *>. ^>J ^£^*A 1 I 4 _j^)xa]I j 4 ^ 5 Jax-< 


# 3j 3^VI jl l-a! (.JaxIuij 3i A L_jl^)C.j ;C1 j1^Uc. ^jlj^c.13 cilliA 4&3lc>! (JHaIIj S^jiu-a]! lllc-IjS 

# ciia-ll] AND-OR 4_aj^)xA£ Ac.l^All (Jii-^j 3^ 3^ A_iiiaAI ^3 

jL^jV IjIac- A Ia’i^aII Ajj)^*AI L_u£l^!i]l (J£j tdilj iI.^aV I dAa 3^ 3^-^* 4 ** \~\\W 3^ A \*y c_jl^)C.y 4IA] 

CllUJ 4_jl J^V Alluj J S-li^. (J^)ia cSSUa Ia£ 4 IAa ,\iVnl Alluj (J^A 3 J (3-J^ 3 .aJa^AI ^j33 .1^.1 j 4 . \f^j£ 

^jVI A_i3^)la]l S.vixll IaAIc- # 4_jl^C.yi Vjl (_3 a£^J\j Cliaall ^A (_£^}jjLaI .1^1 j .A^a^jII 

^Ac. (JIAa^ (. Qu^ili IAa Jl j^xj Ia IAI aAa^AI ^J^VI AaI^II 3^3 (^auVI (JAa (_£^*3l 1 a'u^3l ^ ^c-l J1I 

3jL^jj Jj l_j jIA^aII ^a c j£j !A] ^^Aa^AI aA<L l_j1^c- j (Jj-alj£) Ujli c A-jjUa^H AaKH ^ o 1AI # ^^juj1 4 - 

# AAjJu11 Jic. 1 jail Ac.1 j3 

•A_Al!i]l Ac.1 ^]1 ^.AiC.1 ” *^3 1> . " ^-jl^C-l (Jjl-^j du£ ciljlj 4(jAA-«^ 


0 _jUc. (Jx 3 4 0 _jUc. ^ajaA < — A \*y 
# ojU C- ^»_ujI 4 (Jx 3 < — S^)Uc. Jx 3 


# ^uA 


— > Sl^l ^JJj' 


P < — ©jUc. 


^jaI 


. [A ^ 3 ] <-- Jxi 

.[Aij] <-- H_p 

.[_>*=■] <— _ p 


sentence --> noun phrase, 
verb phrase --> verb, noun 
noun pharse --> det, noun, 
noun phrase --> p name. 


verb pharse. 
phrase . 


verb --> [loves] . 
p name --> [john] . 
p name --> [mary] . 


0 f * , ^ ^ " &' l o' °u e 

4^»ja:l J ftljl fi\.AlC.y jX-uJjlLuJ ^LiA-ujVl 6^)Ll*Al > < LlAjJjj 6^)ljC> J 6^)ljC- ^gAj ” A \a“\ "_] ^3 Clljl 

j a aKH Ia 1A1 (3^*^ ^ ^«ic> I j£l\ A_i3^)Ja S^c.^ ^ ^ <u/> ol^l .AiAlAll S^c-lal! 3 -^*Aj-oj 

” 6^)1 JC> ^jaI " ^ “ ^Ac. ^aj-ul Aj 3 — V l '- r -A J 2 JI / all-all liilA ^Aj 

P ? jaC. >> > ]^j ^Aa^AI AjIj l_jI^)C.J (jA^al^j IA1 4 ^jja^ 3^ x * 1 . 1 ( a Ac« ^jaI *^3^ D^C-ISII 


4_1a£Ij ^)a VI IA1 4 A_j\^_lSI ^a-liuj lAA .(Jx3 ojUx£ ” jaC. C t ]^j " l_j!^)C.I jjlal IA1 4(^x3 ojUc. £_uj ( jVI -l^A 

■> °.' 

■laSa 2-a.l jijla Prolog ,-laSa ciiaJI ^1 j2kl ^ c4gjj 4Prolog m' J^VI aJI jl jVI ^uialj jj^A As 
L;jl^)cJ_i aA ^Aiojj Prolog 4^ oJ ^a.^A 31 Aj3lx>»y I ^ca^AI ^A-alH-All A IaI^aII Ajj^iII L_ii£l^!AI 4. al.xAi^UAiV 

# ^^kl ^C-lj3 aAa^AI AjAj 4 o^C.l3 3^*-^-“^ aAa^AI ^_ja 

3j1xa 3^ J) (3f^j 3 ^ (j f L r J ^) 3 t A a . ff 3^bU ^^Vl 3^ M cj^ A ->.. Uxi . 3 IAa 3 W Al^V 

# 3^- aC 'VI 3 j^. I^jaLojI 4 " a_AI 31AX1U.L 4^Ij3I ^c.^j V cijlxAll ^3 aA _^_uij 

3l-®*Jx»il ^Cly^c-I ^1 aAa^AI ^Aa3 3^ 3a^ 3^^ V ^AV 4_Ac.l ^3 g.4. ^ A A-aj^i Al Aj^xIII 41jIj^)xa]I 

.U joVI 3)^ 6-3^^ ^Aaall c^AjJ 3 I 3 ^J ^a.l^Jl_l 4^jl ( 3 AX 1 I - Jajxxijill 4** Al 



Ajjj-k ill l iUx^Vt a_3a^J 1 ^a djUKll d±jl£ 131 Uua jjaA^j 4 a£jAo31 &3a ^^xlll (Jliilijyi a£jjA c_j^)*a 

y j\ o-jS^jc 


£jlji3l AjLuilS J LjUlSJl ^jjU-4 A-UjljJ 

^a # a_3a^31 i» a jjjj-L i^Ja 4£jl^pil Aiuila ciAaKII ^^jIxa A_ujl^p IaAj 4(JjlVill j^A u.^jaljll jj’il^^All 

L_li£l^!i31 / Ij^jjll ^3c. ^1 jIujVLj 1« a! 1 j)A Ji-I.-Jl <^3c. (Jx*-i^ 1 (CIjIaKII ^jIxa ^3jVl aA^ja3! 

^IjlLaiVl^ ^ i» a! 1 ^-»Ja jj 4Aj il : ill a3^ja 31 ^_a # a_3a^J 1 iii3j ^a ciAaKII ^jIxa ^Ac. j 4 a Ia -^13 (Ja^aII ^j^'ill 

• aJU31 a_3a^J1 .^I'iI 4(J^1^)a31 c3a (jjj c_flvllikyi jjjxAiI # A_a\jl]1j ^^l£31 jjLiuj C5^) ^..^j^ll a_3^)x_a31 

# (JAiJ^)ll (Jp. • 

(JLuj ^ d^jjAL] jjluiA ^iAjJa ^ La jjU (. t ixxi^'i jl j^AJ <._£33l 4 Ia-^ 11 L_li£^Jj CIiIaKH ^,*ia a Ai^)*A j)A 

Hi ji'iii .^iai ^ jjVi < 3 ^ jii i3U3 j ^jjjLill s-V jA (j* (jl ^ i3-i*ixxi i V l i'i^I ^A (_£33l La ^j^tsxxi (jC- 
d3a (J^ UJ-J*^^ j)^Aj A3 (j^- 3 (&Jj)‘’i^a / Aj^^a cJa^. £_AaJ o^ikVI (Ja-^ 11 iii33 ^jax>> j)A^ (J_^ £<_5-Aki 

(3ax]1 £.Laj_j AaIxJI lliajXA J^Lk jpa (j^jj 4 ,f # A_1aC. jpa J^)3a Aj^) 3 " Clljlil A_3 a^JI Laj^)3 ^LiAuVI 

^al^jjC-^U A_jH A_1 aC. jpa Alx^a (_£33l (j«-i^x*x’ill £a ^K'n jjl La (j«-i^x*x*i Aj^j 13] j # La (JaIc. CIiIaA^ 1 _^_3j (jl (j^AJ 

(JA A_L-a3 cJ^^. A xjgJJ^ ^Jj alla^Jl aIa^JI ^ 'la a ^Jj (JjLajAllj lAlJ ^jl (_J^aj 

- JjVl aI^jaII >( xj 1^A]1 A_LuAa ^ja\j o^c- Aa ^iLiuill i» a! 1 ^ij A^liill a_L^^a]1 o3a t(JL^ AjI 

# ^!i£l (_J x*^^ A J^xa; £jxial 1 I XXI 1 a 13a J HjIaKH ^^btA A_ujl^ - Ala^jl L_li£^J J CjLaKII ^jljlA ^3 c. O.VnxxlA 


ljUK'1 ^Ijl a A-uil jJ 

Clll-A^LtAj cAIa^JI l_j1^)C.V A 1a**i^a Ac. ja\a ^ (jl La£ ^a (JjlVill Ajiaa]Jl A_H.^)a]1 J\ cik^^l Aa^aC- 

(Jj : ’ia‘i cJ j-x-a^i] tA Ia-^11 c. 1 1J<; J} oU^xaII Aijx^Jl tA aKH ^jLxa 0aAj ^jl c. 11 (j] A Ia'i^aII A aKII ^jI*a (J^^. 

^a ^jj'NA.Vn ^3 ^jl c." n^ji Aaj^)laj A aKII ^jI*a (Jjaj ^jl i» aji tL la x^ill ^.^-iaII ^jl # A_1 aI£J1 aIa^JI i» a <_ja ^jl 

/a^alc-j ft^jxxii (_£^kVl A aKII ^jIxa 

;Aj1j11 (Ja-^ 11 .^l il 

# ^_x^Jl J!1 a dia^Jl jIHj • 

cJ^a A^l^jl ^)j ]-Vi • 

Jl ji^jU t A*1*^ a! 1 C_^^c_ul3l L_il^)C.Vl ^.iTlxxll ^jl AjH AIa^JI ^ A qVi^All CIiIaKH ^jbtA J/lA*1 ^J>1» \ LjAic. 131 

^,iTixxii (j31 V La jaC jIa431 j tA_^la IAjH J ” 33 -0 " A aK ^1 l^J^jj ^^Vl JSaII 

c. t i!3-in tii33 (jli ’ ’Y cJ-a l^^gjA X " C 5 -A - 3 (_ 5 - 3 ll cJa-^ 11 jU 13 ^£Ij 131 # ff ^)^* J " S^l^all 

! fc ^l *^333 Ja*j ^jl (j^A^ Yj X u4 
;J13a 31 (J;ifxxj L Ujj s l^^ljl (J ilVill A_H.^)a ^ ^jia^A^Jl LiU^.1 

^L-A^x^-IaII Jl JAC L_lA3 • 

^j£J c ^i.i3-i il aj xxi 11 lil/iA*i ^a l^uJal J 13 a 1 ^jl L>^ ? ls JLa 31 c_fl^)x^-iAll jl ^Hl Uijx-aA J) L_ ia3 (Ja 

l^J La A aK LaAIc- ^-^*-31 (L)a ^ ji31 13 a C* 1 ,Kj nj jLjl^!)U o Al^. *^J^)]a LjAic- ^jau3 (j^- 3 A,/al.ixxi AijXA (jj*^ 

# IajaI (J3-^ ^ t JHa31 (J^A 4 LaA!>H t^jL^A’i^A ^jlj'la A 
^ *ia a J) (Jjla j3ll A 3-ijxxi^i AAJ^)3aJ A Ia-^11 ^jIxa 0a£j ^jl (j^H 3 131 ^C-Laj ^,3-1^1 (Jj : ’ia‘i (J jj-a^33 

Ja*J a^.1 j ^^)Ja 4 lambda Ai ^31 a 31 c^U'il ^aj1a» 11 o3a Ajn^^iill ^j^’ill HjIaKII ^Ixa HaIjj jAuj) 

m ~k£ >a 33 LiHlaj lqjji3-i*i (JIaajjaI 3-i’qaj to.Vq* a lambci^. L*j£ a aKII ^jIxa (J3aj *^133 j 13a 


^j|j3ll AiuilS 

A/alixxill Ai^)x-<i31 ^jjjojVLj ^h^I cJjx-^^\i ^,'ix a! 1 ^jl (.** ij's 4(JjlVill o^ik^l aLx.ja31 ^a 2^^331 A_Lui3a 

Aa^)*Aj 4^1x31 ^Halc. Aij*A 4 ^Ajjj£a jl a 3 j 3-1*1 a^ aUx .11 (Ja -^11 Aa^)*A a j'aljxxill Aa^jx_A31 j^xXi'i # <aIxJ 1 j 



jA " Al-oaH ^3 t Jli*]l (JjUjuj A x^lVll ^)jLojJa]l J^j (jl L5^J Ala^dl oIa oi^lj A Ag a A_iilaj 

^gjj ” ^A " ^)jAx«all . ( 6 (JHa ^ (jjatA (j^ajjll Ja3 ^ij >, (J^‘>J ) lVl Jaijjl " ^ \\ ” (j^iJjVl Jail ^JtJal 

# ^)aC.j (ji ^ V^.J Alkali 1 » a (jA (J-ol^ 3.}* <Q * 1 (_£l # ^^)aC. (j.jfLj LaJ^ Aic. <." ll Vn (jai (_£•!! (jjt-ll (3^^1 

•_ ‘till ^Ac. JHa j t<ajLuJl AlAaJl ^)Jal\j l^A (. Q ^ ~i (jl (j^AJ jUa.Vl 4-iic-i <^s (jai 

^A1 ^)ac. l_ia! • 

.(^j^ajjVl Jail ^axJal ^A • 

(j£J to jV^H ^3 (J^JjVl Jajjjl (j\j (jAa<j Ljali Laj^) 1 (jai .^aC- C 5 ^) ^iiuJ " " (jW 1-^ (jA (> . (jl (j^AJ L>ai 

(J^JjVl Aalll (jlj Alili (t£j3l - Aj^ljxll A_3 ^)xa] 1 jl js^LjaVl A_aIx]1 CIiIa^x-aI ^axJ ^il (jai ^ajJ ^jl_J ^jJa'Nq] 

till £a tlAa. C t \» k^i ^y^Slx . uVl j)A jil 11^ La^-aC- # La ^AC. o juA^l ^ic. jl_jJJ (_^13l Aia.^11 Q^jiVl Jail ^A 
" (jl A3^)*-gJ AiLLuJl A-Lall ^3 o^j^Ajjij! ” c >” ^J1 ^)lall (J1 a tAlaJjjill ClA 1 ^n 1 ^jluiV 1 (JUaxIIaoIi (jl (j^-oJ LaLaj 
; t - ;till Jc. JHaj <; ^K'iaII l.Ag \W ^iiuj (_£ll ((jl^ jl) (jjfLi ^ tilUA UUa,! t^lallj s lgj]j ^iiti ff jA 

^ jViAll ^3 JjjaI Ja3 j (j^ijji 1 -3^3 tilliA j)l£ • 

# ^jj ^A 0 j'UAll ^\\ JAC. L_1A1 • 

t J-a'^ll ^axlal ^A • 

A K I'lA (j^AJ ^jl (j^-AJ Ia JAC. ^j£J 4^)jU £jl IaLaJ ^jJal^ll ^)A > ^J«_^.^)A ^jia^AC. (j^-j CllVl-^11 6 1a (J1a ^3 
t^jj\j ^1_^ ^Jj-ia^JJ l^JJ ^jl C t g^.x jjlJgjl AJ4J1 ^3 ^l^q^jl ^Uaj (j\i ^jJalj ^t- J j^^^aII ^^.^)a]1 IaAIc. 

y # 1jjaVi ji (j^ajjiVi ^^.i^]i ^'ijm " jiIaIi ^jc. (JIaoj 
t jj^tlll c flljlA 1 ^jja V i (J jl^j ^jl ^Aj Ji'Vi'l (jA Aia.jAll oIa ^_^3 jjLi^Vl c_iic^l ^3 ^1 j ^)Vl ^(_^au C(Jl^. AjI (__ 5 1 c ' 

Clljl 111 # Aj^!LoiJ (jl ^(^JaIL^-aII (j-o^) tfl V^A (jlj Ia jaC- (_jia^)jgj ?f ? ^^-iUI ^ M i La (_j-^Vuj (jLui(’) 111 ^(JIIa]! (Jjauj ^^ic. 

^Uaj ( ^lllll JHaII (_jia^)jij] 'rf&J ^Ic. l^jjl ^_^3 S^)^3 ^jj£ 1 (j_j£j (jl (j^-<^ Cluis (_^li]l ^_fll^Al ^jjcLj (jl (j^-1^ 

<jU.V 1 ^UaC.1 Ja^3 C__L^jV Aj\i ( (jl^ilall ^C-^a (jc. l^Jl Ale- tA_ilVl (jl^il^jl CIjIa CIiLaAV 

t^A'i^A 11 a eh (3^^^ 4 j)klA\ (JjUuJI (jL (jA-^ (ji l^j (Jj # ^JaI£ Ala. ^gjl dIa (jL 111 ” ^Luia M 

” # ^.Lula § ^3 ^jli AxIaj ^jUll (jl^ilall (jl 0 (JaI£ Ai£j t ^ Lula (JjiiJj 

(jIUlaIIj JaaJI ^JIjj 

(J£Lola] 1 Ljajl jjill^AA (jj^j (jl C t I'N.j t(jLa AjI . L>q3 ^jt-nJall A_xlll ^-3 LLaSIj (jjikjLull jj'i)aq j]l ^3 
UjaI LaAaC- jl t^AlV^^jAU ^ jsb 6- *tii]l ^ic. (JHaj^ Ia ^Au (Jj 3 Aj^)j 111 (_jia^)jii] t A j» jjiJall AJtlll 

;A_*1]1 (JjlV till jl^jV JSud ole. tilliA (jli 4 (l-jU 11 (3^3-1 Ajj (jA L_iila]l c- ;cill (^^^e. (JIIaj) o jlail A^jj 

.cSjV^^^j^JI JSU ^A • 

, jac. l^l^L (_^jJ1 cSjVj^j-4J1 ol o • 

_JAC- (3^3 jjA Cfcil^l AlV^^jlll • 

; ^Ull JUaI j 
.L_ iUii (3i6j • 

# l_lA ^^11 • 

.c—All (3liu (ji (j^Aj Ja • 

jlna.1 (^e. (j_j£Lj (jl >. > 1 -nj ^jbtAj cJ-^ ^Uaj (_^1 

1 1~>19 t .1^* a (_j-aj A_iL& A_1c. Ill .(jliull A_3 ^)*a (_ 5 -ie. oAllui^Jl j 


l_sAA 


t A_allkAll A Ia^a'I Cil^Lljyi (jJJ (jA aJvIa (J£jaJj 
s aIxlLaja (_j-all till 3* >A>a ^ (jl 


^ La iJ-aVill jjAjJaJJ liU 

• uV '4 ]^Aoa jiixj (3 ^Lu1a] 1 LajLiVi 

.a^UIIj Vu*ij\ JSLU1 • 

• (31a 4(3^3 ULulsli (^11 CilAjall (jA Apxll 3^W]1 (jAx>iVl • 

A K xl^jl (3V CjUau^ljluilj dia^jl O 



.A_3^)*_<Jl (JjAaJ idllAaAaVA O 

.Vjl ^)J-aLi*Al oAA (JV AAjL^Aj A Aa Ixxl.lll U JxVlC. Jj A Kxxl^Jl ^ UxiVl — A K xxi^jjl (J.il Vi O 
LdaJj A Kxxi^li *!>1 (JVl dj (JL axIujIj A_0*_a] 1 Jjldl ^ajVLdl (j£dAl JjJC-Ll A Kxxia (Jd (j£-<aJ AjU IdjO 

.cdl^-dl J^ja (jLoxJjajV 

hihVlll J 

<jl aA^V&] 1 di^ll diUVi .lJ>a*J 1 <JU J] iJjl aJLJI i^y& (juadvi ^-ujLuj! j xxi . 1 ^ iij\_uj llo La^ c* i*\j]i 

;4_j JujVI 1a& ^3 A_l\_dl Ja.iladJ (jdai 

A* 

4(Jjl 4** 1^.1 (JjJaSl — 
4lLubgjl JjlVi 
.jAal A Kxxia 4 4_lKC}j — 

AO* IjAjjj* 

JIxaAI A_^-dalj o^IxUaII s-l^^V! <JI A K xxi^jl ^gjdL — 

jV! ^UHuiVIj Jpilililt 

Jll A_i31^)a 4-^11 ‘K 4. dxKll ^Jc. ^C-LulaIIj Aj^.^a]1 J£jjV ^jjiisdl J (j£-oJ J)Ij (_£jt*Jl Clidal I — 


(Jl£dui b-lC- dlliA .4diVLdl (_£Aa 4- V^Jl A_IL^. J! AdjVl A.11V1 ^ja 4 : * i*yK (JVll dj jjjc.1 JjVl A,i x xiji Ad Jail 

aAA .^jljl ^ui jjl (J^Ld (jJjl 4** 1^.1 (JjJaSl Cdij-aj Jill A* Ajxijjlji, j (j.ila xxi a 11 (JLaxIujU (_£AgJl 1 a& ^)JC- (JUujI 
xxi Vi A KxxiaII IjA .A K xxiaII (J.il Vi (JLoxIxjjI (jxxi VuxiaII I^ja A_ix3lj J£V! (J^UdJl (j£J 4 (J^-uiVl L^Udall SAi^. A_d Jail 
(ijall ^jVa .1 IaAic. A_djall aAA (JLoxIujIj Jadll .A-d^Jl (JJaJl Laj _j» x«aVl Ajc. Jjl (J^Lul^J! ^J! 

.Adlj AjIxxi^s SjIc-V ^51 j (jl JOJI (J^4) (j^-^ *- Vjd . Lil> (JaJl C5^d C5^ <d]A A_ldl3 ^uAi SaKVI 

Jld IjLo ^xa l.Vl^V'l djlVl^jjll ) ^Jadj — )J x *1*1 V C5^^J ^)J»‘l‘l ^illl £ Lid VI ^ ^ X * 1<Q 

^xaII JV! (jLuijy^ ^jax V ij a KxxiaII c^lxj I jj iVLi-o # Ia^xj aJL^JI aJL^. ^ja I'iIViM L^l ^Lqj aJL^ 

^^jjJaL^Jl ^3 6^)\jjuiil ^ic- V (J^jg W ^Ac- l_i£^)a] 1 dl^^All (jli djIjU^jl ^J <Q 'Xl] 


djjlc.1 di]j S^IaIiaSI ^.l^2kVi •txxl’Vl ^jl (j^AJ A KxLaII C** 1 1-X iJSLdA]! (JV A dJlx A ^_JA LrnlA AO* V* Jj' 
l^J (J£Lxaa] 1 L_ll t- 1 Jill 1 A_daxJ p.l^^.Vl dlic-liA I jj ^Jaj dlljjx x^ijl (JL^ A_j 1 # A_ij^^A 1 (J^l^Al ^ja Vi 

1A1 Jllall (Jjauj ^c. ^ ViIIHaI! dli jU<\\ jl ^Ldc-V ^jldlsVl t i ^Ac. I iax^i (J^ oAa j Jc-ltill (j^a» Ji 

^Aj ^ J^ -3 c^! ^'S^ c ' LS A**i>V^j oAdalxa (ji l^j ^V^ (jLuiiV^ 

t AijAi Villj (J£Lx!1a]1 oAa J!Lq ^3 Ad^^Al (J jWll Ai^. jli SjIc.1 ^3 ^Jj,\ia11 AjIac. V 3 ^ 

aA^jaII oAa Jaj^aII ^ja t A,K xxi^jl Ajqj^ A_laV ^jax V i ^3 l_JjjojL^A 1 A_xA3li4j ^lA-aVixxi A LaVill oAA (_ja 

.jLdVl ^-0 (Jc.llill A,K XX) A 11 (J Vi xxi L-Jj-Uilq^jl q\ 

J U^AaJ oAa ^jjj! x xi*v 1 ^_^3 V K xxi^jl (Jq^j A_ix_u\j ^ A^J^la (JjJa3l ^1 A_ix_d]\j (^JaxAjoiJ L_JjjojL^A1 Ia^aC- 

^gAc. S^)jUa ^ja^j£1 dlliA ^jl C t i^kj V idll^jUall Aa ^lA ^ A Kxxia ^3 (JllL<Al (Jjauj ^oI^L^-a£ jg 

4_}|_3 ^\3 (^.i^ Vi cjl L5^ (J J^A' J-daSl l_JjjojL^A1 LaAic. A_Ac. # dl3^]l (jjid ^3 ^jUa^jl ^^Aa 

^l3 ^a! 1 A^ ilal 

oAA c. Vi^ # ^J^oAl JjUxjII dll^J^Vi ^-daj ^jLa'id 1 V lg .oUaAl Adj^)ia A_jj1^a1uj1 dlliA ^jL oAA ^jAajdj 
LaAic. # Ai x>i» t ij 1 "id Vi 11 ^jjjjIa (JIa c — 3 '^ jl 4, > \ \» a ^j^£-o (JAa A_x3j1a ^)dtAl dllA^VU jidll 

(JO Iaj ^ V-d (J^ Lq ^A-ia a! L V,VrixxiV 1 (_£^)j^)da]l (_ja (JxlA AdlA Qua'iII A IjVixxiA dj VL^Al (j>a» \ j\ L_UC. A^ljj 
(jA 4. V.'i i’ixxiV 1 ^3 A K xxiaII # ^lg"i^Li^. ^.gVn Ld^^. Sdl^Jo o O' 0 ijAla .A^Aa 

(jV^Vil ^f 3 - 3 jAdl (j-Q Aij^Jall oAA # ^Aadll A_j1aj ^A1 < x^ 1^)!A1^ ^^lOLJl U^* ) ^A1 ^1‘iVixxi lAA j oJjAuigjl AjI^JI 
^L-JjJxAIj ^LaAaVA l_j jIAiaII ^^10^1 (^ qAC-LoiaI] ^ diVAl ^AVj (jl 4 t l~^j A ^>Li A -nIIx a (jUa-dal 1A] J AidtlAl (_^jAuia 
.Ad ijVl AAlqJl Jl 4. Q.^g 11 ^ja (jAk J<;xa,i (JaIxAj (j Jail ^ja AjA«A 1 4dliA jll ^Jc- o JaJjoAl ^3 oAc-Ludd] 



J3$)t laJa^j Ailaj 

; C5 lc. ^ailc. ^aLg 

oAAai^jl ^Ja-uj JIg (_£_jkui<ajl 
Cll jdAA ^!lll <UjIaa 1I j}A Ax- ja^a 

a Jj.Wa d_llj c3^ A^lj (Jjj^J (jl (j^Jd J^ll 

£C-<dj J (JUgaILaiLi Ji (j^Jd CllVl-^J AJjojLoJ CIAjIac. i-*\\aj ^1 (3 i<Q *" UA j. ^ 

A J^JV'IaII CIiLAaxJI (JLaXJjOoJj 

# d_ia ^Jl (jja^j dl^^j (ji (j£Jd Sa^I j Wqaj 'ajA 3 ^ S-l^lj <liS J<a-sj (ji (j£jaJ JVI (jljaijVI • 

;4_xj^Vl 3J- ft C-Vl J^loiio, 

UNSTACK(A,B) 

$B 4 li^JI 3*° A 4 ^ x 4_ij^ JaiLll j — 

STACK(A,B) 

$B ^ ^ l ^~ > ' ^Ji <1 jS]i (3^ 3^( ajt ^- u ^ A ^-JJ^JI ^j—a — 

PICKUP(A) 

S^jlill ^IjiJLj S^jJal ^jl A A Jj£]l £3^)1 — 

PUTDOWN(A) 

/flAjJaiAl ( _^lc. A Ai 41 4 Jj£]l ^ ^ — 


|4 . Li \l l '' ^ ^ ), L' ^\l J 

ON(A,B) 

. B 3JS1I A *15)1 - 
ONTABLE(A) 
_0.1jJaj4l ^^Jc. A 4 j^JI — 

CLEAR(A) 

,f-i_s^ Igj^c . (_^4 A 4 j4]I — 

HOLDING(A 

, y\ 4 Jj4II 3'Aj ^Ijill — 

ARMEMPTY 

3^3“ lAAj ^ — 

A 4_Jj^jl 13 j l^-^U ^-3 3 ^ Ijl (jlj 3 3* -1 3 ^ 3 < ^ . 3 °^* ^3' 3 ^ 3 ^ l -^3 u^j 3 U»ui»l i 

4 i L >,\ J I'lnnl B Ajj^JI (_s-i*^ 4 B 4 ' (_jJc- A ^-Jj^jl 13 J <_S^3 43i£ [_ g\ (__yj ^jjxj oAdaiA JI Jc 

?(J 11 a£ ^Jlx (^JaxIu^J I^Ia] 

; £jV ^) 11 i^Jg ^llc. (jj 

% 

3 j 1 n\ L 4 4 q ^\ 1 4 ^ LaJ l-*« u n ^ • 

<l^_uiJ ^a j)g ^ a • 

• JajJa V jII ^!j ^1 Cl^ijjc. Ajiuj ^ (^■'.J • 

o^iaja Ajc.^a (J£Lola ^\\ ^ 3 ^ (jl (j^^ (J^LaL^jl o 

.(>*^3 3^ 3 .)^ 3 ' c? jjj^' l>* ^33^3' 3ji%J' 3 ' lsJj u' u^A) o 

3 j 1 _j 

;A-i]l!i]l ^_ajUa j<ijl (jAx>i‘n AJaJ-uull A Kx^iaH 
a ^C>Lula1I Ajl ^. jlill oAiLula o^C-la (JjJaSl . 1 

aJL^. (jwl aAA (jlla # 2 

a (3k LaAk^ 3 <i AVi^l a 3 

jAulaII ClaUl^jll a <aAVi^| 4 . 



fi t 5= S / 

;4_uiAl_k Aaqa c. (jLi^M L-llc.1 <^3 lAjqa'i 4 KxxiaII (J^J 

# aJ ^L^-aII <1L^J1 \ a \* •N.l a x^All (j^jJall (JaxjjoiI j (J^Jl 4 jjj3 aJI^II Lade. c_Lujj^l # 5 

(j^lal! ^jLiVuxi tiilj (jd # o^lc-l ^1 $a11 (ja (j£I ^3 Ia JAC. djlj'lVl (jAXJjd IjLa lic-J (jV^ 

\ \ Wi\\ 4 *n» -a\ 1 

SiPli JJafij jLnd) 

;^jA->Jajj ^JaxIluj^]! (j^lal! 

# L_a^Jl CIjVI-^. j 4-JL^JI A_ixjJa jll (Jaj Cjli^UdVt • 

# jj£I A-ilelij ClalivllkVi oLa (J 1 £j jc-l j£ll j<^-idj • 

# (jj a JIja ^Iia (Jj A'i • 

Ia SjIajoiIIj ^)ilxi]l (_jd ^] 

# Jj 3 j]\j SjLjjaII (jl C t 1 

,Sa^I jjJ ^ll^j lijli ojLi*ji liiA t_yJ I il • 

.Sfji 44 <ji ^ jjsVi L-i^kV 1 • 


0 ^ l£ 

4_Il_^. (jA ^a.^11 ^Uaill C' \’\*\ A jc-lj3j ClOJL^. 4_1 aI^ A <jj)» ^1 (jjd (jllaj U' A^jLuiII .lc.lj|jl • 

.(SJ& 

# <AiajV^ (JA Ja^3 ^Jaxj ^jjl 4dJLtA ^ic. (jjjjlii (jj£Lj (jl c > r^.j (jV^ • 

# <a^_a ]1 (jA (JaxIlujI • 

(1969 ) Green’s 

/o^C.l|jl (jdilaj (_ja 4_IL^jl djl j nanll Ja^vlj IdL jj-aJ LaLuiI 

5[J 2 . * * # s 

^Sll 4 _a]jI 4_IL^. Ldc. (jd Loj^) 1 .(4-okll ^3 x>i» ji (jj3 gjjj^^jlj 3j A U^ A.Kttu (jJajjiil 

A Sd) B t S[))A A, B, So) A ... ... „j .? > <0 , 

CLEAR ( , ONTABLE ( ‘ : ^LiJM] c_a ^. jj a ! 

:«/SHS U«Jl jll .B ,> A ‘ UNSTACK(A, B ) u' ^ j' 

CLEAR (x, s) AON(x, y, s) ] —*■ [HOLDING (x, DO (UNSTACK (x, y) , s) ) A 
CLEAR (y, DO (UNSTACK (x, y) , s) ) ] 

.^JaxAll (^JaxII (jA S-lpi^j! Ajajoj DO() J S 4 X ,V >> " 

Sn 

•^ic- \jj\i 5JUJ1 g.U*iC. V <11^. oAA A >jVi 

A i Si B i S\ 

HOLDING( 1 ) ACLEAR( 1 l ). 

0^_J (J£Laa tilliA 

jUaV! < 1 Su 1 a 

^laV^ Cllli^jJLJ ^gJj c> ,6 .^^-iiaII ^ic. Ia 3 (jW L)^ ^_ja — 

# (3*->aLA]lj S_Jj11a k" Uxijl ^-11-^1 CljU ^S lA L Qx^'l 


JAjaJI 4 \*kAMA 

^ji (j^AJ V (j^ ^1 ’Ki (Ja # (_}-a3li ^3 c. ^11 c ^UaV^ 4,Kxxia 1^1 — 

— . via ‘n xxi (jli Ij^aj-u I jj ? <1 jL^aII oJA Q\ i._ 1 ~n.j (Ja c^llj^s _JaV 1 (jl^ Ijj ?lg xxi3 1 ^ic- 4x.j jJa^A 

?<1 a 1 ^a ^) 4aJI dal ^^.Vl (jA JJ^U ^aja^jjj (Ja 



? J i j^\ 1<as ja ^xj ^1 A ch ^-aj*-^ L \f^ 4 A 4ii4)t j — 

.C* iKj (_£,ill (Jj ^jUal 4 K Jl\A^ (U^\ Clll.l^Vl -laJjJallj Ajj}* x^lt JV^ (JaaI 

( 1971 )STRIPS ^ 

;c> ?j* CJ^! STRIPS 

\Ajua '3ajjj3^ CIiIaIuj^II j)A ^j!j3 (J*- 1 ^ 3^ Uj1.1xg • 

.Add <jA^ J M ^- a,? ^^^lill ^LixiVt VajIs o 
.Delete "^U." ^x-aj ^dll *UdVl <aj 13 o 

> 3*->^ LA lt (jjJilVi 3^ Aj'qj'q^ j)^5d (jt *» . v>J ^Illl Jajjjaill Ac- ja^a 0 

# A jl^a 1 \j SjjIja jjc. (jt (jiajJ^ c^il^ll oiA ^3 (JjjjI (jt • 

JaJaLk^ / (j* (JjV'Vl (JI^jaVI ^ x ° . q3 £jaj — Q STRIPS -3 JjVt (j j.^t Jt ^ijjlall eiA • 

^UL^V (Jjj — lijlo'xijl J slAAVt Ac-ja^a Vi tVijjjll (jj-W)^ - !*Ali t _ 5 Ac* 3^-taj) 

;A_1xxLujV^ j A-iaIIaII 3-^t ClAjl.ac. ^3 (jiljl! .^V\. i\ 

STACK 

B AiSll <^k A aJ&II ^i .<^!j 3 j^ ^ B lS >Vl ^'j ‘ A il2SJI 3-^s c/ 1 jilt O ^u - 
4_LxitAll ClllAluj^ll $a^_>Jalj d^H^il B Alj^jl j 4 _Ij£ 3 <Q4 \j V ^djill • ADD — 4_iiiL^. oiAj 4_c.jls ^u/i'i ^tjillj 

$ Delete 

UNSTACK 

^1 jillj A-^-^tj B Aii^jl <Ali # v^jjalj A Ali£ll j jls ^tjill j *B Ali£ll A Ali£ll (jU <. > ^llVn — 
* DELETE - B e> ^3 A ilSH j £ Ji <j 4 t ] J^t * ADD - A 

(. ‘ijt/ii jl ^l a >A t i UxJ UiL o^j^3l 4jx*ol\]i til l y* diLo^Lt-di tills (j^-i I^a j 

CjUUj s^c-ls (J-wtjj^jj vlL^Jl 6 Greens tilli ^Ic. . jjU ^L^jV cIiL^j^j 

Ajll'-dt VixjJa ^11 ^ij 6 ^)\juj^U djlAiui^lt 

;Cuil£ SjdVVl 3JUJI tit Vikj 


0NTABLE(5) A0N(A,5) ACLEAR(A) 


: s^^dt ilUJt 4 UNSTACK 


0NTABLE(5) ACLEAR(5) ^\HOLDING(A) ACLEAR (A) 


ilUJI 


^ASlllt uflLou£t 

• tit c ■a d'i^j ^jt cAW^^ 3^^ 

# tdli L_flvlVj ^JalVj 3klt Aic- Alui3t (jt jVj • 

. jIa j3t L_diaJJj ^d^jjt (ja jd^lt y\Uvj • 

| IjJraj t <J^)j^)jJa <3alVlt ^jljVt C. <a\. d"i^ 1 

.ililij ji^t ^^tj <^L-^a1 JjVI tiA jt^ (^t£ jic* ^t tit — A* e* - *tAli 31^® j 

Ja L_lxx-al^±i*j ^Illt & l>VI JI 2J1A. 


I Jl^.t J jiaJ A Kxxi^lt 3V (jt ^jJat^lt (jA Uli^t 

.ViL^Vt 

(jAxifiJJ ^t (jjjla jt jjt (jtj Cl^tjiaStij C_J)Luaj£t 3 <Q ‘^3^ (j-° aJL^JI ^lt c V^g.lt aJL^. j)A 

. dl^At (j^ ^ c. 1Ui^ (jt (j^-AJ ^tji 

# IjIaA t (j^ilt tAil jV o j3 jliA JJ^t ciltiA (jU (^.latj A_Lu^a 11 3 J^t i ^C- (j^fagQBk \ 





c31aA A-uj^AaII ^3 # ^paJ^)-Q L_3 jjojL^JI ^Wa ch (_> a 3^L^ 

jl ClAjjojL^Jl (jLftXJjol! ^ jllj CjLjjJaLjjil ^lx A (j£j • 

/yj\ ^alx-A L_ll^j • 

^a_Lu^»a]1 (J^IAaII 

A K xxiaII (jli ClaLjjJaLj^)!] £1 *_a]I djLjjJalj^)!! ^}jj_j.1a 13 • 

Vu;)^ (j) (j^AJ (j|i <Luj^).1a]1 ^a! (JLg c3liA ^jAll AjI (jiJJJ • 

l3]j .^XJj <JaLx 3 ^31 « "l Ji AJjjjLuiVI tA^JJ-aUc- ^1 ^Jxxi'qMl AAjla (_]£LxAa]I 13 

?liSA 

A.IU. (jAJ djli^llrkV 1 j AjlWll A ja x>> ^11 ^3 <3 A K xxiaII A^JULaj AjUg "ill A_Il_3l ^il lilx^i j lljl ^)±k^j] 

.&U3 Jx>»al ^ 3^k3l 3 ^-° 43-^-j (J3^ diljiVi w'ixxi'ij ^JjVl aJ1^3_j c 11 <1L^.j a jll-31 Aj» x>» i^llj l <aog 11 

.Clil^Li^. 3 \jA ^jl£ 13 L$ji) J A jll-31 A_ix_Aa j\\ ^Jl (_^31 lilk (JaxJI ^A 3 Xa ^^ 

(jU ^g-lxj Iaa Lq^ac. >L jAaalVi ^il JUJ1 J^j^Jall <_£3 l a \\) (J^ ^gJj l3 ^31 £? ^ 

t A KxxiaII (J^-^* LSjf^ (J^^^jl A^.1 (J^a Cll^jJxj Jaj^joJl Q^ x } 

CjIa_^ 1*-3 i^a Aj 3^^ L5^ J 1 3j*jl 3^JJ O' (> . 3 >J *^1 J C5 , ^■ (_£^)2kVl 

# CllL-aj Ia 3l*Jl Aklij ^jl (_£_jj^)jLia]l ^j-o (.>“3 C3jlj31 ^jiaxJ (jLi^Vl L_lic.l ^a t C,** ^xxi^Uxil 0^)3 jlLa 

<_£ <C. ^J' U* 4L_fll^VI ^-C- J-^-^ ^ •'' '. J A_lic.l_9j]| A_^Jl_*Ji <4 jojLojVI 

: l> 

41_sI^aV| 

_(_Jax1u-u) ^yt\ CllUL^jl S^c-la 

t C <1L^ <JL^ ^gjJaAll -Ij^ L *‘^^ * 


D 


XjIXjJI 


•Jjgjl 


i-ij^JI A£- j^a-a Jlla 22 . 

<JL^ t. g ■ 1 jS (jaj 


ON (B, A) AONTABLE(A) AONTABLE(C) AONTABLE(D) AARMEMPTY 


ON(C, A) AON (/ED) AONTABLE(A) AONTABLE(D) 


:<_i^)l 2JUj 


_i aJlgJ( <UA ■ Q 1' <c- j -' ^ 1 y ] < ' ' s. • 

<jc.^a ^JSLoui Ajtj^l ^11 4 K LiaLiS (jaj • 

ONTABLE(A), ONTABLE(D). - aJ jV ! 3JUII j)jiii 1*1. • 


O 

O 


ON (C, A) 



ON (B, D) 


o 
o 

O ON ( C, A) A ON (B,D) 

O 

O A ONTABLE (A) A 

O ONTABLE (D) 
o 
o 

O ON (B, D) 

o 

O ON ( C, A) 

O 

O ON (C, A) A ON (B, D) 

O 

O A ONTABLE (A) A 

O ONTABLE (D) 

O 

O 

* Cliliiil Aaj^jlail j) 

L a 4 Ac- Al JjVl LVqa 1' * 

tj jUJ j 1 c Q 11 Ca (jl9 ClgJI Ca aLAjoi (jl |j| • 

AajUax t ^ g j* a) Ac^li i o aJL^. l4A • 

:J^^\ <J yjAl bUL Vli« iaid 

STACK (C,A) AiAa. a1*^j C l>a^ ON(C,A) • 

ON(C,A) 

• BOSTACK (C,A) 

• ON (B,D) 

• ON ( C, A) A ON (B,D) 

• 

• A ONTABLE (A) A 

• ONTABLE (D) 

• 

IA _ C aJj4]I j A^jJal J A AijSil ^jl I.AA j (JjAaJ ^ji 4—la.j ^^idl LgJ • 

; 1 A<u<-j (j! i. i-y; 

• BOCLEAR (A) 

• 

• HOLDING (C) 

• CLEAR (A) A HOLDING (C) 

• STACK (C,A) 

• ON (B,D) 

• ON ( C, A) A ON (B,D) 


A ONTABLE (A) A 



• ONTABLE (D) 

;4J) jj . UNSTACK(B) s- 1 e)*4j u' u^4j y=^ u^' Jc-Vl 1 — • 

• BOON (B, A) 

• CLEAR (B) 

• ARMEMPTY 

• ON (B, A) A CLEAR (B) 

• A ARMEMPTY 


UNSTACK (B, A) 


• HOLDING (C) 

• CLEAR (A) A HOLDING (C) 

lias c 4 jL q ^ 2iD\£JI L_al^asVI (3^ IlSa j _£-jla ^Ijill j tA^j A ° ua^ ‘ \.' Q ^ J ijSfi L ‘ a ^g" (jVI • 

yj JjVl sA*Jl ' ij3-i»j Ila .(jAIl CK u' L - ^ UNSTACK(B,A) u' u^j 

diljUJI Sjc-IS 


ONTABLE(A) AONTABLE(C) AONTABLE(D) AHOLDING(C) ACLEAR(A) 
o' HOLDING(B) U 1 yA UNSTACK(£,A) 0 * S. 

CLEAR(A) 


^y *aj i &lgJI ^ 


HOLDING (C) 


CLEAR (A) A HOLDING (C) 


STACK (C, A) 


• ON (B, D) 

• ON (C, A) A ON (B, D) A ONTABLE (A) 

• A ONTABLE (D) 

UNSTACK(Ca-) J PICKUP(C) j-VI J— A HOLDING(C) j'^V ^ 

J) IAs JUk ^ jjc- AliS 

1. 1 ON (C, x) 

2 . 

3 . CLEAR ( C) 

4 . 

5 . ARMEMPTY 

6 . 

7 . 

8 . 


ON ( C, x) A CLEAR (C) 



9 . 

10 . 
11 . 
12 . 
13 . 
14 . 

15 . 

16 . 
17 . 
18 . 

19 . 

20 . 
21 . 
22 . 

23 . 

24 . 


A ARMEMPTY 
UNSTACK (C,x) 

CLEAR (A) A HOLDING (C) 

STACK (C,A) 

ON (B, D) 

ON ( C, A) A ON (B,D) A ONTABLE (A) 

A 

ONTABLE (D) 


1 . 

2 . 
3 . 

4 . 

5 . 

6 . 

7 . 
8 . 

9 . 

10 . 
11 . 
12 . 
13 . 
14 . 

15 . 

16 . 
17 . 
18 . 

19 . 

20 . 
21 . 
22 . 

23 . 

24 . 


ONTABLE (C) 

CLEAR ( C) 

ARMEMPTY 

ONTABLE (C) A CLEAR (C) 

A ARMEMPTY 
PICKUP (C) 

CLEAR (A) A HOLDING (C) 

STACK ( C,A ) 

ON (B, D) 

ON ( C, A) A ON (B, D) A ONTABLE (A) 

A 

ONTABLE (D) 


J ^1 jl j X ‘ dlljUul CllOlj (jl iJ jVI ls^ 

J L . la. ) (JiSlli .' A &a4a Ai... o3c. ^jl J ^_y& - " ^ C (JOla. 

_A_ajJal^]l A 05 1 j ^ic. ■' 'A ' L - 4 lai i (JjVl L 0 A ' ^ y 

CLEAR (x) 


HOLDING (C) 


CLEAR (x) A HOLDING (C) 



STACK (C, x) 


CLEAR (C) 


ARMEMPTY 

jciajj a jLajj JjLaj L^ (jaj (_jill 1—S.lgJI ljl£ (_g4jl HOLDING(C) <— -la) (jL (jVI -Ka^j 

Ui^i liL cA 111 'U >S?I$ >sll PICKUP(C) ^ ^ UNSTACK(C, some block ) 

aJjIAaI (JjJaSl A* Cy^-3 d.lp^ 

* 4 j il ? i 1 i 1 


a SJbJaLall ^Ic- aJj^I (JjVt ^ Vlg.ll (jU (_£^)j (j^ L>^ 


C^4J! 




jISII I QAg \1 


jLajj A?4) J ^ .£ LwJ £4 jAI uW <_A*^ ^ j i-Jlj G HOLDING(B) uW j^4i • 

.^jJal j gjl Ja^jjoiJ P) AliS]l ( _ s Ac A ■ ■ '.R~ jl oJL. *axdl ( _^Ic B 
i c 31 Ac. ^ ^3 c_fl!.lA'A £-a (j^j"^ ILall Cjilat LAI Add ^4 AjjliLi (Jl^xLa) LiA (j£JaJ (jVI ^jiaill • 

.D ALlSIl J\ jkl\ -k£ IjJ\ Ija .STACK (B.D) -j ^ ON(B.D) & AUa j 

. HOLDING(B)j CLEAR(D) aul il ji STACK (B.D) J’— -' • 

$^c-aj fl.lj.laJl i jal^Jl Ac j-^ ^ jpl 

CLEAR (D) 


HOLDING (B) 

CLEAR (D) A HOLDING (B) 

STACK (S, D) 

ONTABLE ( C) A CLEAR ( C) A ARMEMPTY 
PICKUP (C) 

t STACK (B.D) As A? J! cfsjj AjLJuJI >. II Ii^aj LjbjI JljjJlj *■ " tAlakill aya ( _gi 

j^LC-aJ ^l*JI ^ jj J^ajll (jL ^jjxj 

Ontable ONTABLE(A) AONTABLE(C) AONTABLE(D) AON (B.D) A 
ARMEMPTY 


.STACK (C,A) axjj PICKUP(C) ^ 3 &h IaL ^ ^ 
;AJU1I AJaaJ I (jiij t— aAgJl jaca (jlii llA (jL AjYj ON(B.D) Jj (jVI (jjL 

L 1 UNSTACK(B,A) 

2. STACK (B.D) 

3. PICKUP(C) 

4. STACK (C, A) 


<UjLaa 11 ^C-LulaII Jia pAj^kll ^^C-lllaj-aV I Clalj'iVi (^JaxIuiJ (_ 5 ^^ A 3-v^jl oJA 

a 2ujj ^ji ^j^aj s ^^.^A l <ai ^vi^y J 



Sussman Anomaly (1975) 

c-Uac-l ^ <ajLuill 



Stan Goal 


Sussman's Anomaly 25 

(ja A_ilaxji 4 jIy2I 


ON(C, A) AONTABLE(A) AONTABLE(B) AARMEMPTY 

ij? 1 — 

ON(A,B) AON(B,C) 


I. ON (A, B) 

2 . 

3 . 

4 . 

5 . 

6 . 

7. 

8. ON (B, C) 

9 . 

10 . 

II . 

12 . 

13 . 

14. 

y 4c- " B ^ 1A1' ^^Ic A ^ ( _^Ic tJ j 1 J' 4^. | 

ON ( C, A) 

CLEAR (C) 

ARMEMPTY 

ON ( C, A) A CLEAR ( C) A ARMEMPTY 
UNSTACK (C, A) 

ARMEMPTY 

CLEAR (A) A ARMEMPTY 


i. . luia. ^1 

ON (B, C) 

ON (A, B) A ON (B,C) 


ON (A, B) 

ON (A, B) A ON (B,C) 


PICKUP (A) 



CLEAR (B) A HOLDING (A) 


STACK ( A, B) 

ON (B, C) 

ON (A, B) f\ ON (B, C) 

Jc- C 4 lj£i' CL^tlijl J B Ali£ll ^^Ic- A Ali£ jajj 

* I t LA ' 4_LaLa I'jl 


1. 1 UNSTACK(C,A) 

2. PUTDOWN(C) 

3. PICKUP(A) 

4. STACK (A, B) 

Ja^JI e- jjoii i (2 "4j£JI ^_ic- ^j£aj (> _5^ jj B ^ t ^ Ai i ON(B,C) a ( _^ c ' Ac*A 

ijAijaiAl Calais j _ jlil] UUxSj A lijL Laic. A Cli^JI ^Aj J) ^lliaj 

1. UNSTACK(C,A) 

2. PUTDOWN(C) 

3. PICKUP(A) 

4. STACK (A, B) 

5. UNSTACK(A,£) 

6. PUTDOWN(A) 

7. PICKUP(B) 

8. STACK (B,C) 


^lliisLja) ^IIliIaC. v. . 4iaJJ Alls B Cl&il l " ' l 3 ‘A A Cl&il ^jl <JLa. 3 J - ^ 


1. PICKUP(A) 

2. STACK(A,B) 

Jl -» . 

; ^jl 4 LaLAI 

; Lo&.lCi ^jlLj 5 J 4 Cl jl ^JaaJI 

Lo&.lCi ^^iLj A^jKj 6 4 5 6 3 CL I jjaaJI 
JiSVl 22aA 3' IA 

1. 1 UNSTACK(C,A) 

2. PUTDOWN(C) 

3. PICKUP(B) 

4. STACK (B,C) 

5. PICKUP(A) 

6. STACK(A,B) 



\ jjlaj jiiSI dLuifi j '' LTi dl-iA^I j44 13 £. j31l JaJa^ aII 13 jli dV3JI fi3 3^ 33 ^llj3l] 

ajlall _] . ^sll ( gB ja3Q ' ■ a ^glill 

■uLall JL m lIuiU Ly kk!iUl JaJaiall 

SUSSMAN ANOMALY J >21 3d Ue j 

i( gjl [J^ d 4_1C. j9 ^JSLoUi V. . llLn g 3 3 La ^JSLoui • 

;33 od-Laui dlg_a . ja 3 4X 4d 3ad*3' 4_3d • 

/flddiAll ( _glc. 0 33 £_djj A 4_13 l a i Nn '. ON(A,B) 333 3 j3 . 1 

. c 3311 > B 3311 ON(B,C) 3> .2 

. B 3311 > A 3311 ON(A,B) H .3 

ajdVl 3-i3dill A_Aiaji 4 _i 3^J4 4_ua3 jdj 3i^JI ^l.liVI 

•_j 4 G-j' jA*-! 

t jalida ^Ijlal • 

J ta^ ilia 3 jla*A • 

_4_ll*3l 3-311 j jala-doll ( _g3 d_l ^ ^)_li_ll>aJ \ j44 d333 e-Uael • 

1 3 j('}d jl 4 Ida. aII dll j3dll jLoJ d-lgll 3d 4-uil jdj dl 3d (jl 3-dO jl 4_ll jV I 4 t-dll 

_4_3ja1I o 3 ( _g3 34*^54 jl L jH-* 3LiA jai! 
^g]| 3 jll gd : ’^ i ■ ■ dl j3dil 4jt jail die. ja^aII U-llIa 3 J^. ^ J4^J 3dd j3l 3.. L Aal L ^g^jjJj 3< ■'■' J 

,U»1£ L3ua Uolui 3 : U~; 

jl jjdi ON(B,C) j ON(A,B) » 3 jj3j jjjjLd. ^ j3i <33jll did j3 33di <43333 «3 ^ 
4 qu.i^H I ^ t-> jjd dLui 33311 jl i** i;-> <3131 Lada jaII ^cjldJI <_g3ax j j (STACK ) 3 *-*-oa 1I 3e ja^-a gJI 

‘^IajVI 3ajjd dlxjjl J 


CLEAR (B) 


CLEAR (C) 


*HOLDING (A) 


*HOLDING (B) 


STACK (A, B) 


ARMEMPTY 
ON (A, B) 

-i CLEAR (B) 

-i HOLDING (A) 


STACK (B, C) 

ARMEMPTY 

ON ( B , C ) 

-i CLEAR (C) 
-i HOLDING (B) 


.CJjVl aJUII ^ 3^iV £\ jill ji 


t ( — 1( Lo3lxJ ^IYjVI -L JJau 


jlJdaOlx 


_4_L^ja 1I aYA (3^*14 J^l") i . ill-* lilUA JAil 
.(*) La3le ^jc. ^ ouiia \~> t**< 

3^Aa jd aIuaaII HOLDING -L 3* ^ 


■ o S 



JajJaVl (.** \x >.s~i j A <juxi.aH Jaj^jaJI jl C_flljAVI (jj'q VflJ o^C-LulaII JajJa^JI jp* «lpxJ! 

S^c-LuiaSI c!iI^_^.^a]1 cIiIaxILujI / ciuajia ajK x*i >»" \ vi ajjjoj I-^a <3^ T^VEAK 

. jai ^1 ^ 

£|jjVI JU£u4j Tweak 

4_^.^a 1I JaiJaVi ^jax^iVi 

<aLij Step Addition 
.(GPS) ^i>^ — 

2j 5 Jill Promotion 

.(Sussman HACKER) <_s j^fl s^idll Jja i_iUil! s JE4JI ^ jj — 

Declobbering 

.(NOAH, NONLIN) i5f°“ »4cN j^_A“- j£ “AiYa. — 

JkixJl U~~ . >4i Simple Establishment 
.(TWEAK) t3f*-^ jLojjal ^>1x4 ^1 Ud ^ ^ ^ a 1 — 

Separation 

.(TWEAK) fjill (_>") jl dl jlila ^-La — 

.fi^lc .1 Ac. cl' A iLaC (j^i AEjolaII -la j^)j 4 I Jdi J i_) jUj jl ( 1 17. ) L 4 A_a. j^a ^Jjlllj ^gJI jVI 

;Aj^aldll JjSII £3^) J j4-l jl j£JaJ 


CLEAR (A) 
ONTABLE (A) 
*ARMEMPTY 


CLEAR (C) 
ONTABLE (B) 
*ARMEMPTY 


PICKUP (A) 


PICKUP (B) 


— lONTABLE (A) 
— lARMEMPTY 
HOLDING (A) 


-lONTABLE (B) 
-nARMEMPTY 


HOLDING (B) 


4 cl ^\\ l 4 I-i-v \ 4<u.i/> Jaj^iai (jl (j^JoJ 4-C- j)a-n.aH AiLdll A Its tilliA ^)jJal_^Jl CllS^ll ^3 

JUll i— Caa. Jjiaij j4 ^Jasj j' El?L jaj 111 ijSfi (STACK) 

ul* STACK i M J PICKUP Jii^i Jp^li aE 4I 1 ij 
.<_£ J^' dljlaa ^l. ~lAuu lj JalaJ jl ^ jjjl^ll jA Aifuaa Jajjj _ HOLDING 

j AiUjaVI jl dn> 1 3 jjiill f^AalL (41 j J L-lllall (JaJL I A Ja 

.STACK ijlai. jj4al (JEj jl i_i^j PICKUP jl A41 aJU4I 4a ^ 


PICKUP(A) <— STACK) A,B) 
PICKUP(B) <— STACK(B,C) 


3 J)a la JJC -la J^jLu AjljJ j LlJ ja A 4ala dll jlaa. ^-J^l ^ laa j IA 



.aJjVI fllaJI ^ ciboJ A — CLEAR(A) * • 

2- STACK(A,B) U ^ ^ jBMu^^- CLEAR(B) * • 

,i3^“ Ja. ^ CLEAR(B) * SjiaiJl A?Ej ^ CLEAR(B)-i ^'ajV' 

-1 4J PICKUP i. M ARMEMPTY ^ - ARMEMPTY * j’Al • 

_Uj\j ajJaiJI Aa-^ ji jSJu o ARMEMPTY 
.i^ij la jA l ** t AA^ (Jjy^E-UV^ A l>^ 

:-j 3^> sJiJI ^ .PICKUP(B) >vr JiAJ' (> CLEAR(B) II ±j&\ V STACK(A,B) 

PICKUP(B) «— STACK(A,B) 

:*if—ll ARMEMPTY Jaj_jjJo (jl U 2 ^ 

.£•3*5 PICKUP(B) j Ja .J>ill t J 1 * t' jill A4 A-^ PICKUP(A) PICKUP(B) 

; JUllS iLjj^j lias 

PICKUP(B) «— PICKUP(A). 

4-^. j-all JLojtJjajV Iy] t ^JJC- ^a*-saJ ^U^aII ^jl (JjVI -la Ja^JI & jjA 

.PICKUP(A) ^1 JiA^J a^JI Ljj^\ juiv jJI) Joii jJI 

&AP 

.ARMEMPTY-, PICKUP(B) • 

3 ^ ARMEMPTY s^? PICKUP(A) j PICKUP(B) on s. A— El ^ • 

^Af 44 * 4 !! -la^Jjaill 

■j >' h*S El aA, A 4 *^ ji <j£A STACK(B,C) • 


PICKUP(B) <— STACK(B,C) «-PICKUP(A) 


* CLEAR (x) 


: CLEAR( A) j^V ^ U1 J U ^ 
la^^jjoill aJUII 4x. ^- g^-gl' ^Jl lj& AiljJalj UNSTACK(x,A) (Li-^Eill AxAaII CjJ 


*0N (x. A) 
*ARMEMPTY 


UNSTACK (x, A) 


-i ON (x. A) 

-i ARMEMPTY 
HOLDING (x) 
CLEAR (A) 


,aJ jVl aIUII A (A*”" C L “ 0^ ^ liu.i I' 4 . .i . .i j Al i 4_lj£jL Ja tj^^-3 A X 

jl PICKUP(B)m j STACK(B,C) m ARMEMPTY j CLEAR(C) aS^ ilijjlll 6! 

. JU Ui PICKUP! A) 



.UNSTACK(C,A) J » 4A I j UjJa] US ijjIL jAjI Aii!Ai ^i£j jl l_i^j CpS lil 

UNSTACK (C, A) leftarrow STACK (B,C) 

UNSTACK (C, A) leftarrow PICKUP (A) 

UNSTACK (C, A) leftarrow PICKUP (B) 

Lajb i ARMEMPTY PICKUP(B) ^ -A a^. 1 s—sjjJaj lias j s cAl. AaUja) ajSjjII 

fii& £-4 ^ Ldsfc U' 4 K Cl 

^gJaC. j Aj i^lIaAl -la j^)Lu ^ s '' ir - (_£i]l PUTDO^VN tALi& JI^Lg s“ss^ 4 ^J^JI IA'i (JL^. Aji ^glc- 

OiiCG ^4 jl (jSii lil HOLDING(C) 4 U C^> 4s UNSTACK(C,A) u' 

HOLDING (C) 


PUTDOWN (C) 


-i HOLDING (C) 

ONTABLE (C) 
ARMEMPTY 


: aLAAI ££ J PICKUP(B) J*-AAI jj JiA^I lias 


UNSTACK(C,A) <-PUTDOWN(C) f-PICKUP(B) 


;Ajjlgj]l SJjoAjoJI 


1. 1 UN S T AC K(C , A) 

2. PUTDOWN(C) 

3. PICKUP(B) 

4. STACK (B,C) 

5. PICKUP(A) 

6. STACK(A,B) 

: TWEAK J! ^ <>i3 Ucj 

<SL^. ^3 Cjl^JjLdl 4C J) aQ'NaQ 5 ! 9^)C . 1 

.2 

S c>° P ji c. Vwl > | 

# 4jjIJu^)V 1 .1^.1 (JLaxlLujlj p >! 

^)4x]l 4 q UAiaoll Jaj^joJI (3^ dilj) 3-i^ll lilE tdll^la^Jl <3^ £^1^) .3 

4qu*i < a\l Ja j^joJI 4c. J A “y A S C5^) ^-flj-ial 

^ajlc-Vl Ja^lo^ 4c j^k 5 4c- ^ a^-a] 1 ^Jj-aj ^31^. 
CljLAlalA]! (3£ L5^ 4_iJ^^Jl CliliHall Jj> 4^aaJl (3-a£l .3 



?^IjuJ| jA La 

(.** IJ's JajJaVj]! (j* ^)j£l A^-^a] LaJ^) 4 (_g.cAi)ax*oy I £.l£l]l j)A $. j^. jfoj ^*1)1 
_ )-aj]o Vill ^a (J£U1 a] 1 (j^ L_^j^al — cA \* ±s-i (J£LA^]1 • 

. )aj)a Vlll ^3 Lcs^l A^ Jjola l‘‘ Uxijl lg jlc. ^_A^)x1a]1 J jU'I • 

# A^»A^jl (jA Sj ^Idllll j^A ClAxuiLaJI (jjiiiLl ^^^lilaj-aVI e-l^lll c *<aAA • 

.AjjlUl jlul Vi 11 CIsLaIaC. <Jc- jfi^J (_£»^l ^^C-lllax^Vi S-l^llI j)A £ jjl ^A Ji^jl 

Jidl ^g'ia^xA lc.1 ja jl ^JIaI (j xxi Vi Jll ciaLo J*_ a 1I *^cllc.^ 

?L_lxj-a ^IjmII I1L <A 

/oAjaJI CliVl^ll £a c. VftMl ^Jc. (jj_jAla \j_jfLj J C t vnj aJVI jl ^5^)1 Jl^jl (jl ^Jl Iiax^i $.1£a]I • 

# Saja^ ^.Lixll (Ja»jI ^\».MI ^Jc. jAla (jl C t vn.j aJVI jl (jLuijVI • 

jic.Lula 1I A_a. jjq1\ c_j\, x X)'i<, | t<a^)3t_A]l SAc-la A^ii / 1 “ n't el' \ c^l.VnxxiVI j (jV*^i-^yi tAi^)*-^jl l_jLuij£I c.^ lUo'ij Iaa • 

. Jl t^^ojl cli^j 1 " JaC (^-llaJ c 

? ^ixi; l ° ^ 

j)A AjlauIj A,\j^xxi*1 JacLl ^Uq)I ^1^_a (jV IAA # ^alxj]l JLiiLl aJVI Ajj jj-1 AJ jLVaI] Cll^ Ja Cl^£ Jaill j^o AjAaJI 

# ^)A I Jail 

(Jjx^qMlj I^A (_ju^ljliaj (j^-j .^l«g]l A (jc. aJIoI oAC- Ua ^_j£j 

# jjLnll ^Jc. t—fljxJI - ^Jc- Jllo J c VuJ.a^I i ^l»(j)l — 

AijJL^I C-jLuuSI 

# Aj^aill lai^. ti ill ^Jc. Jllo .Aijjt^JI la Aj^ViII (jc. A Vilill Clil^)±aJI j£ jcLiJ j Aj^Villj ^l»(jjl — 

A yu^VilIj l^Sfl 

^(Jjj)Vill Claljl^c. (j>i» ji ^.l^)^l cJ^^- 3 (j^ C5-^ ^l'j Vi AlV^4JI Ai^)*_A]l (jl (j-Q ^I^^IilL AjLIla — 

. JUa (__ 5 -Iac. J<sx^i l^al^Vixxiy 
A,Ka!ua1I 

A_^.l^j LoAic- A-aAlall 6^)-^l (^ # c-UaVl jpa ^iVill^ Aj^Vill oAA j)-a f^*C5 ^ *^1 (jl^ l-o A Kxxixa 111 — 

^jJ-n'n SaIc-I (j^x>£g Aa (j£j SaIc. A-a£l^)!L<a oAjAa. Ai^)*-<a j^x>£^ V I1 a .^t^l SfcU^ji lA_laj (jl (j^-1^ Ajla aIjLo-q A Kxxi^q 

.^11 Jl Jx-^ GuS JjyJI ji CjUUII 

f I jSluiVI 

IaA c jUq* n # A_a->Jalj AC-IJ Aa^)*-<a j)j*^ (jLi^V! L_lic^l ^3 oLl^JI ^3 ^LixluVI ^Jl ^ ^u^ij ^AilLo'VI j)-a ^1 »q]I — 

Q nx.Vill (Jc- oAC- Luii4] L_3 ^Aa jl a A SaIc. Jtll]l j)A ^J-^l 

uiui^vi 

t aIx a oAC-Lula (jj*^J Aijx^JI k\su — 

jfelfill 

(_jJa*j ^Jc. ^Ala (j_j£j A3 Aili Aja] gj jV^JI CIjIa J*_a1I ^3 (JjIajIIj AjUajll (jl (j^-1^ ^Ua^]! (jl^ 111 — 

^ A_ill JjUIa ^3 (_JI A Ag aII (_)V jjxxi Vil Aij*-*JI 

(jljUJI) ujjjjIIj 


;A-i]ll]l (_)-ajL-aV]lj i jig )Vuxil ^A LojLujI jjJJj JIj Jtllll 

# A_ijlj Ij^I^xIujV Aijx^JI Jai^. • 
SAj^^II A KxxiaII ^A CIjLq ^ at-xill ^IrkJjjjl • 
.^IjlxxiqixxiVI jl (JV^i-^V I jl c_jl,xx) J] o^)j^)jJa V • 



u<a^3\j A J*i Uxi^31 j3l ^A jl j£il3j ^>3a Jl 3*1 1 xxi j JtlLa 

(djULuJl (ja £-3a3 ji) A_jj-ui^-a 31 ^4§jl ^jjJVj 

c-jLai^JI C t i\3*^g Lc-iic- CjLq ^U_a3I oLa Jc.. v*uJ SjIc.1 

£Ia Clia j jj3 jj 

# jLta J£jolJ A-laJjai^ll S^)£|j3l dl^a, W'Lxil t^C-LlLa u-aVl £.l£j3l 0-al^j ^j-a 

*^lxiH A_1 ulL^ o^)j^)jJa ^A ^)lg IVuxiV 1 
?’4J->-^1 a ^alxj A_iLaC. ^A Ja — C 5^“^ ^oaL_jJ iS^ A_1 ujLujI ^A 

?Ai^)a^a3l (yj^iSyj A_aj^)3a JjJaal ^A La — ,via a £* jjJa^a (jl (j£-aJ ^jl.g 3i‘ixxiVi 


# (UL^V P yj iS^ J-alc* Ljajl JaxJjjjI) ^iajl ’’Jjj ja>.si (JjajLa” JjAVill £c-alj^)J 

# A_iaJ31 c. <a IxxAUxiV JajUxJ ( Hlinilliax) M J» C‘ 1^1 

# A_Lal£ Cll^J C* ll ll,aC. 1 ^ooLoJ V C-iH jjl J Jja 

t C* 1-kjll Clabl^j ^3 S J^)^^3l Jaliill L_Lui^Jj <L^. ^131 ^al^-a J~Lxxij 

^A jiAjlj ^.c-.Vuxn <jl j^j^Jaj AjJ'N.All A_xua3l ^jta tA_i*A3l ^a l£^V A_^. ^131 ^3^-a (j^j ^Ja 3jj 

J^-aC. Cll^Jl 

^)!i£Vl ^3a‘i3l Ljlx^l Jj-a Jl Clilj LLjaa3l _jj j-aJ ^A JL^. AjI ^Ac. t A l J-ijxxij AjUc. ^A LujLxjjI ^jl.g Ji'uxiVL ^\a,Ml 


u iq* i 


(jl <j£JaJ i- 3 .Will j A_ui^_a3l JlLa (j^>3a (J-^ o^lC'l (_j-a (j^L (jl l^j <j^L,all A_xua3l ^31 (J jj^ajgjl — 

# 1 AA .yiVn i^ja La, W'uxij 

A Ig xxi A.Kxxixall (Ja •n.I CllLa^3a_A3l ^j>aa ) ^j^aaM ^~l,"i^'i ^5 . l-la* U blxS AJ^-^AH ^Ixxi^Vl — 

.±£V! 

AJjuI) jjjVuxij 

^L31 La JaJjJalL J-Lxxi'i j c. Lxn^s'i ^jl c. t A_jl^ A_ln31 lil . j3I A_aJ^xxi Ajjj 1^. JLlS (JjjJ ^3*jl — 

A,K xxi <a — 

A_*a_ia3\ ^^CkJ ^A 1^1 Lu 3 (jl c.^ vn.j t ^l3i ill J^iVn ^jl c. t V _jl.g li'uxiV i 

L_l^)jjJl Jj^. ^^cLl ^j-a L_l^)xJa ^tjj) L_jl(jji^. ojlc-1 ^^)xxj1 AjI qa — L_l^jJa31 aJU. ^y’la \\ 

.Jal£3L 

l q ^ 

dJil|]lj uL3l£l3) JJlaj 

^LajSj (jjj (J* Jjl^Jl .1^5 J^ 3 Ajqj^ i^- ^>3a^3i (j^ia ji Vjl o^)3 jLa (j^^ 3 CljLa^la_A3l — 

t f.\^S±ui^\ Aj il.^xaj j CL-Axxi's.31 AiK tc_J_Jia^31 

(jLj-uiili 

S^lc-j _jljj^3lj (j! ^xJalj J^ xxi j V jl ^Aj 3iq"i^ Joj I jj lii^V LLl^xa C5^ CljLa^3a_Ai3 ^a-uij liA — 

A Jiuxi j3l S^^!j3l Cujl£ Ijj jLaajj-ul ^aj_3 ^xxi~n ^A^a^ylc. ^,3*ia "i^ ,*^l2k Jl^tluiVl 

Cllla!ylli^V^ . c. Qn^i'ij l^kj^a V^^aJtJj-uj J^Vi ^ xxi ^31 JjJj liili 0^3 AiLjal L>^ J (^L3La-a^ A_I-al£ 

.lJ3Jj (ji c. t i*nj ^xxi^kll Ijj ^L^V3j ^_Li3l£ii31 Jjl Vi (_j-a ^j- 3 (j^*^iVi (ji o^^ 3 

A ^1 

.(McCarthy) 1958 ^j* 1 ^ Jl ^LxjI aj'i^H ^^lik^aVI ^l£j3l ^Jaj ^ a^u^'iII Lvl Sj^3 

A ^aJViSn t Clllna UxiH ^)Vljl A ^aJi iV i ^j-a ^j-i33 1 La JlLa (jlV ^_^3 Cll3jj C5"^ CliVjL^-JI ^ja J^3Jl J3-^ AjI t _ 5 Ac* 

# JL^.^31 I La ^,xxij‘ij JsL^j S^nVil 

;A ‘s.jx^i'ill ^a ^jl J, x xiLuj 1 ^jLi^laj ti3LiA 



(_£ jIluLa]! A_i]\jt]l A_pJ^)^j]l A ‘■ylx^V I (Jl .l^U * A *yix*Vl\lj .l^VI CIiIa-uJ (j£ ^AIIajI^ A Ti^a 

0 ^UaiS! $.1.1 1 ^jj-alic. Ajk jj jl j^Aj (ji!l 
A_A^. ji] ^n^jl O^C'LuIa] ^jAXJiaLl ClIj^V! fikA # Ai^)3«_A]l ^^VlA J (_£^)^^»A (JIa o^)j]q'ia djljjl ^^kij 

JU. ^ A Ag a dilj^VI okA (JIa # ^lxj]l ^U^jj (J^a ^)x^i ic. liA ^n^Jl ^)±1 xj a A Iko^All .lc.1 ^11 ^]] Ali^)±k 

^^C-lllaj-aV I c-l^kll A a Jo'll (jA o^naJI A aJViV I 


^V! Ajkj^all) kaj 

;AkjJn]l okA A_ill!i]l dil jlv^ll 

Ljlk Jl 

(JLajj Aij*_All o.lc.la ^a l_ijjx]I jjjAjj ^!i£l .Vs a a jl t AJalc. A'sjx^Vi jc. (JLaj t llijxxn VI jjA j^fkj (jl IkA — 

CJC- 

Jjx x^lll 

a (^lkl(JI JA^I ^]j A *yix*Vill jl} — 

J-43lH Jjg y\\\ 

(j_jfLj (jl (_£k]l (JjiLoyjl S.iIc.Ij ^ ^kj aI^jaII okA (_^a Ik] (JL^xILaVU A_^JL_a V .ia A_A^.^4jl a *yu.^>JI — 

^I^V! _Jx^l 1C. (J^a (jA (JaxIuIA 

gtaASi 

Ja i'i~Xl] A \u^] 1 A_nj\_gjl ^JjVI (j-a jl Uxi^IIj A^V! *>, 1>J 4a^)*-A]l 0 . 1 c. la ^gJj oAjA^ AijxA AiLjal Aic. — 

.CjLxJaallill j ^)l^)^j]l - ;iiila ^ic. (JHaj 


a ^t]| ClAjJaalli t g-llv^y I A_i^.\j (jA oAp^JI A_3^)3 «_a] 1 ^akkj jl i t 1 -n.j ^Uaill — 

J (jl j^AJ CIiIjIvnII 

Aijau^jl S J&li 4JL.ua 

oAc-la Ajljx^j (_ 5 -]c. Ac. Lull ^jill LjI jAVI lj)» a> jn^lill jA AjAxII to^lc-l (Jaa^JI Clil^la^JI ca_iajI (jl jA Vaj 

.AijXAill 

. ^ i ' -n \ AJ j^g dlliJj ^jj j ^ • 

S^c-li ^3 j CliLjasLiiil jL^jI j /» jjaHl ^j^jj Clil j3 U ,0g • 

.Emycin ^ (JliiAl 

^]*1 S | jjJaj Jlla 

(i_xli) (JJJ (ji I_ill]| jjaj) 4 j4]| AjxJ ^iu 

.(LISP) A^qV^I <Ll3 ^Jl (ij^J^a Clllj 4 ^ u .aijl tj 

;uj jlall 

j)A A_Lallul£ A_I*J]1 l . \» Vi • 

j.'ixAn (_^k 11 - Ji^.1 j L_ic.V • 

• ^ UJ|%£J 6 JJ*^? UJ^ UJJ^VI (jj^'i!' • 

/o^)xaUa 1^ (jl J 1>3 L_1C.!^JI O 

# Ail Jjl (jA clij£ (^ I (_ 5 -^JJ j^-3 ^..iWi xx n v jA Ik] o 
, j.^xiaill j ^^)jj]l^ A \i>jl ^ic-VI A aj'41) i dj^)£il (_5-°^ l_ic. 2^UI • 
# ^Ax.jLkll^ jj^]l IkA (_^a (^^ djlaUaJI jjlill l_i^^UI k^.U • 

A l^q’i 13 C 5 ^ c'Viu o^.l j A liVi L_ila (JS a Jalki]l ^kl c. t iKn (jl c. V^gH • 

.(lv\JI -i^c.^ (Jsl oAic. c." i)» I ^A^JI (J^ (_^kl I (j^-^xxill ^A * 

a j^ii] A_3 j^)xa A_ia (jjAj A_ij j^JI C1 iIa^]*_a]I A_i*J ^^A A_^jl 

;(J!ia ^Jaxj jl (j^kj oAj^C. <aIc. ^(Ij^aj (jla A Ia'i^aII CliVl^kl (jl (j-a ^C-^JIj 



.c. jU j a'u ^ u\a v • 

. ' g ■>■ ; jj IgJii^Lo (J jla. jILjiJI Cllij 4j-l] a > «aaJI Id) • 

_4 ^ 4_^A^)dl A. xl L ~ j. Q-a (JjiLoj ^1 L$(Jj (jLoljVI ( _Jc- L f> ) 4 ^ y ‘ ' -* V 

avoid (take-points me) (trick) ) 


(achieve (not (during 

(scenario 

(each pi (players) (play-card pi)) 

(take-trick (trick-winner) ) ) 

(take-points me)))) 

- " ' ■ ) La jaC. 4 jjj Aaaxj L^jl C* 4_)lxji -"'■■■) La 4 -i u .aij' <JL^. kjl 

2 a ^Ja^d) j ^ VhCi i ^ a _dalalil ,1k V ^ U^-J dj il (^jy»j)' O-Ljji) AJU)I oJaxLoij 

;4 jUm take-points 

(achieve (not (exists cl (cards-played) 

(exists c2 (point-cards) 

(during (take (trick-winner) cl) 

(take me c2 )))))) 


.take (trick-winner) cl ) djikj (take me c2) Jaj^xlu C* ) V) (jl C t VNJ (JI^aH 

* lij , wl, r uxi Jaliill (jU Sl^LaJklL o\Ja-ui^jl t A 

IcfiJ) ^ cJ u' cIp^ .me = trick-winner and c2 = cl 
(achieve (not (and (have-points (card-played) ) 

(= (trick-winner) me ) ) ) ) 

Uiajl t trick-winner Ax.i^iIL jA V # lalij l^a M Ax.ia." V ^ 

11a Ajtj-iaJ A lofi 1^-iS IjAx Ax.l^jl ^3 A-j‘<n^ (J^a. ls^ cJ^J ^3 L>^ 

• ^Ic. 

(achieve (>= (and (in-suit-led (card-of me)) 

(possible (trick-has-points) ) ) 

(low (card-of me))) 


A_il jSH Aijx^Jl o^c-la {j* Cj^ 

jj3 iJjjUa 4.1} 4<lc..laJl JSa AxojLujV^ ^jAIAa • 

# Ajxill ^jc. AJalx Jx1j3 — Aj£ J) jj|] 1 j Jxl j|Jl • 

>C5 LlJI Ajqj^s A_jjaii]\j IC-LuiaIIj A_a. ^ a!1 • 

AiLuud) ^4J) 

# A_L-al_aJl A_j^)l_aj ^ja l^_i3 (_J^-aJ A_1ujLuj 1 (3^)3a Aj^Ij dlliA 

AjI .aILgVI oIa ^ja -lp*d ] i L_ixlll 0 a 1^)J ClLaall aJL^ ^ca 1^)J ole. Aajxj 

l^J A Kaa)a\ 1 liA a A KI'iaII ^JjV) Axljx.rO ^JA 4 QjqJoll L_3 J)Uoa ^Uq] 1 ^3 # A_i£LaJ ^JjV) A_iliaj l^J 0 a1^)J o^C. 4(Jl-^ 

; JU11 Jifd! J jU^J) --ULIa S 4 V~t jj " ajjaj 4djja J 

Cltl + c ‘Ai + + - • - 


,(j' JjV) Cj H 1 j^' t OJ*4 



# LijlAiA (J43 l^jUaC-V *La j) A <Jjaii]\j ^jLiaVl L_lic.l ^3 L_lxl-a]l (j-a 


• L> 




;^A (JaI^xJ! (JjAlj S^)fLa yA AjjaLuiVI IH 

t ^.j^x^ill Jjjll ^Ljajl cJ>^- (jj^Q'Xl]^ (j^iar n Iaaj • 
# Aa£I^) 1 a ]1 L-J^jlVill ^jjoLoj! ^ic. ^3 jjjll (J^j • 

i 4 ■liuill j IAjIjjI Ala j.Ajj ^ijl dll ^jaII • 


S j-ualk^]l ^£*£^1 jaIjLj fi* 4 ji 

^kU'iJj A g jiIxai^q liA AajaLaVI ^jj 

(JIaC-VI (Jja^La As^ ja-\a ^ \a Vil I^Iaxj-aj <jl <_j£aj ^)a!j! dil^)j-a!iaA Crt^K^Jl L-iLuiq^jl Sjlc-j i t iK'n iC' \ \-\ 

c.LdxJI (J^c. ;JHJ! (Jjija • ^>a 1 jV 1 A-c. j) <Q > < ° *■. (j-o liaV Ig Ig \\h dAalj ^^a 

Aalj (J-q < x£ "SAjLJI ^llxj (jl <_j£aj (_jaj .LaAaJl ^I^a ( eLukfcJl ^tila ;oAjIa]I jl Ac- 1 * _i c. \ls * jJ (jl (_j£aj 

# (JIac-V1 (_ja aJjaIuj l^ji ^ja ^c-^lli 

^jlaMl A_Ia^)A <^3 (Jjxdu]l dll^)j-a!iaA STRIPS A- 3 J^)Ll A KxAi^jl (Ja a.^Vujj! 
ON(A, TABLE) j ON(C,B) -4 <^l j * > 0 ^ 

;h ! jM &J J> ON(A,B) 3 &4 STRIPS 
UNSTACK(C,B), PUTDOWN(C), PICKUP(A), STACK(A,B) 

: fsiuuJI L jjiSJU Macrop a u^' STRIPS 

ON(C,B), ON(A,TABLE) o 
ON(A,B)- ON(C,TABLE) o 
, l^ua£ £JJ^I CllljiaiJIj o 

(j! (j^a -3 a^lc .1 ^11 <JliL<i]l ^Ic- _4 Ajjjj^Q ci^Lic. ^LoxiL^wi (jVI (ji u^-j Macrop 

_S^£joi Lajlj (Jl^- -Cjl ( _^Ic. L>^ ' <1 uU 

SjojSJI ^lailL ^k^jl 

jJL^ll Jaj ^LcUl 5 -LoiiJl jl£aVl Llbj (JjxjooII <ljLcua ^puJajj 

:icl ja ^aVuaiI ^U^jjl ^a - SOAR .(d^Lu ciuioa^j) a ^a A\ L*i*s.H ^jj 

Aj^2kj]l (ja '\W U>>jl ^Jaall •>, W'uxij # Aja^)x-<a (Jjjjul 

Soar A-LuiLuiSfl ^U^a^laJ) 

t m* ,\W (_^aa 11 ^a ciiUiiyi (jvUaU ( 3 £Lol ^]1 (J^j Sohi* 

# l^_Lo ^Jaall ^jjj£iij ^ jij ccijL^iiaII yA oAii a <LAuj Soar ^ LoaIc. 

x.>oVi (Jjoj^LuJI yA <Lal^ <IuiLuj ^A Ij^)A 

,({gjk^\ Jja ^-axj (jl 


^1 jiu-V! ^ 2 ! 

# <Ja^.vUi]l AJoU^Jl yC- C' \-\\W ^U^jjl J jl^J c" — JlialL AjLgC- ^uJalli lAA 

L-fljix-aj]! # Aj^\ c_alx^]l ^joj! t(J^Aj<^ CljvLix-aAi] CLjJ-uUJ (j?'^ — i. ^ju.qq] 1 ^jJojJajj lAA 

.A ( 3 ^ 

\A x^All <^ijj-al L_flL-ajl ^^Jaj UJ& 1 >. E>J ^aUaj 

.^al£ Cjj& ^ ^ SoljVl ^jUj • 

# lA^. Ala. Jjjjull jl ^ j)g $a V *^3 ^aiLxJl • 

^l^jALuiVi jl ^S^J^aII) ^ j)g < QU^ojl c-Lj ^ A (jl 

( 1975 )Winston j^V' 

s Jla-all lAA ^ ^iAIaaII L_fljjlxj cJALaJ ^-llJ ^jl i> 11 • 



ClixjJaj (A nl’iA aJj£) (. aLuill £a (A 1 iJ-V'uxia A_l!i^ (J^IaII ^xxi~n — 2)j)^ i f? dinl! ?? (J!ia ^jA_Lg 

^La'^Ii 5b ^jliia^jUa - jl 4L_li^. 1, n~N ^LulA^bA ^JJ^Jj C* n*\ - A AjA 4 ajA^J 1 <^lc A UxlLlA 

^1 llillj l^Jj ^jLaC- .Aj 

.CIiaAS ^^lill A_il*_a]l ClsVl-^-Il A g jIxxia — Ajj^ 3 A_llaLk A_ia^j ^alxxi^J a^£a 

(A_nj) l_u£1^j ^ja_jj m (_)A..Aa]1 

(27 .^»-a^)] 1) ^xxi^kll ^.Kjg 11 L Qx«o ^Ja^Ill (Jj!L«\i]l (l£^V AjjjI! ^-a 3 ^)lzijl) Cll^Jj^ C1 i51-A.1a]1 



Jjj- 4 J/iaM Aulai] A< yi, 23 ,^-uj jll 

• jjxjxAxallj 4£^^. ^ 4 -J ^^C«1 a 6^)Jia5b V 4 _jLaJ * a£jja] 1 ^3 dj5Lx^all • 

^ ^ _ . 2 > , 

# 2)^-°^bA ^,'lJM A^^JJjAA 0^)J JJA AiU. £A (jIajoI^. C* n*\ — A Ag A Aij^lc ^JAA^b • 


• ^ j)g h*\\ AcLix-a A K xxi a AjjaLuiI dll j)3-vn di5b blLi& 

^ J^IaII 1.AA ^ jj ^J)g QaII AJU. A^lj Jjd] # 1 

IjAxXll £JaC >( a j^IaII <_£^)dVl A3 j^)*-a]1 aJUJI ^j-aL^il # 2 

# o.AA frly'nxxiV AA^. .A^u-x-i^l CIjIajU^MI c. qIx^jI # 3 

.^iaj (jl 2)-® dlla5bdVlj dllg^lxxi'ill llil^ j AJ^)IL<i]I ^lc (jlAAJxj 3 4 2 bj 1 1 j))*aA l!il£ 

A -\xxil ljIc-IjS 

Ajk jJ J C. t 1~NJ a 11 2)W ^)^Vl A KxxIaII ^jj # (J£LxAA 2jjAj d Uxljl ^.Kjg.ll ^ J)g QaII ^JjjLaI ^^^ic A_1 Ua]1 ^IsmII A aJVi! 

oAiA^. di5L-a 4^1 d 4 ^-a AjIax 11 c. t \\)^i i (j \ x xi n j ^ca\j^)J ^3 # A_1!LaV 1 2>° o^)b?x.A.ll (Jja^LaII (J5l^ ^Ihill 

2>a V^J l^A (JaxI . JHaII ^1)^ ^gij Ajjaiilb ^t- A -A xxi "ill djlc-lja c_fllAAl ^ j)g ^ a 2)1 .Ai^)*-^jl ^JA Vi Aic. cil^agjia] 

A jIax^ ^jjWn ^!ill Ac. jA-^^jl aI1aI£ # A_ifijj^jl A Ia'^aII l ^Ix^jVl Ac ja\^] ^ ^ j ^^laj 

.AVx'ijJl djlAjlxAill J oAj^JI daVl-^11 

^^^,1 dal.VuxiA t _ 5 ^j V (i^jl cIjIVuxiaII Ac ja\a 2> q ^ •nxx^I ^.Ljaa ljxaj ^a (3^ uW 

^)JaVl (J2bb (_)2 ja1 l Qx^^Jl (Jaaj 2)1 2P^ AiiLJl ^3 > AjjLa>jl (A_iCjjJa^A^ Aj 3^)^ — Ac ja-^aII 

t_flj^xj]\j u^jpll 1 jj t J-aj x xij 1 1 JnAxJb ^Jiluxi 2pb AJiaUill ^>1^1 cJ2bb c)l-- A *-ljajl A qjq^.11 ^3 jl 

.ch 3 j*-ll 1^-1 5^0 jlj^- J^l (Mitchell's) ^ ^j) ui^ ®^ c, i 

# JjjaI J (l_i*111 A3^)j) di^)^)! Ijj Lcua A3 ^)jla] 2pb j 4-ixlll (j -0 Ajl >>" n*s (JIIa ,^l il 

Aati^Jl lil # ^tll 4 C5^ jj ^UxJl J^iJl 4 ^ ^aVI 4^)A^.Vl ^b^l ^-S^)3tj 2P^ bjl-^fA 

# Aj£j A_i^.jjj 4^1^)A^. 

;A A.xxi'ill g.lx>i3 Aaj^)la AjjaLaVI (J«o^Ix^tn11 

t Aj.W'illj Ujax L. jlJaQCj 2jl 2^^ (JI>a11 ^3 ^jAIAa • 

^Vl” ^1 ’’^jiAll J^jjaVI ** ^aj)g ^ A 2>® IAjJ^J (Jal M J^jA VI** ^aj)g ^ A 4 C_lxlll {^_J^ (JIAa ^a • 

3'^i jiuiJl 

.(Jfli jl) 3^1 2)JJ**1 ^ J?y C- V)^x 4ol oUia^ll aL\3 jjc ”^j jILaj ” j M J^)iA — J j^l" ^jaVaaII • 









# m Cj ^ 1" j>A llnau j!i£l jjojI” ^ j^Aa • 

# V jl (3 ^)Aa Ajjoil^ L-flA^Jl AX JA^A j)l£ 13 l_Aj3 AA^J dl^)£ (J^j ClllaUaill j>A AX J)A~^A (3-oluj L_l^jA!i]l As* JA^A 

CliVl-^l l_u_jAj £a AA-ulLg M (3^V1 J ^!£Vl ?f A m a\\ ^jAIa31 A-ajUj j (_£Aj 1 jj (J^jolj CliLa^c. l_i^jAj]1 Ax. ja-n.a jjj 

.Axili^jl 

;A1^Aa Cl^ijJX Ax jA-yA qa (j£-GJ i i£ _Js& 

Ax j)A~yA l nja ‘i (3V1 ^J)$ 3 a 11 .Ax^lill Ax ^ aa» 31 CliULnll £a (jjol^jlj l \ \ \* ') ^j!i£Vl ^ j)g SaW JgjlAiA • 

.CjISILJI < 3 ^ 

.A^)Aa AjjoJ A^Uaill fiAA .A m 11 Ax ja^.a ^3 ^JjVl AijUaill j)^£j £0 • 

.CjIaUoj j)A UjaILg (3a (31 j ^ l ill* ‘i * ^_L31 1a] • 

ClAaUaj " ;( 31 o Is^ i ^ LC ’ j)<q><q 11 ^gJj SjLSSU ^!l£l (jxt-31 Ixg^Aa (3^*3 ;^JU]1 AiU^jl • 

3 ^.Ij^JOJ^ oA^)Aa 

^ii£Vl CjUIxIujVI (jl *>" . c.l,'n‘uxiV l Inx ‘i Jal Ax ^ a^»31 (3^*a (jl (j^Jaj (jAA (jVl ;£^]131 AiU^jl 


.oA^)a 31 djlaUaill (3^J ^.Ijjjoi]! dllaUaill (3^ (_ 5 ^] lAA ^3 gxXjj ulls Gi^ljia^a 
Jx jjjj lj3>j) j 4 (j^xli J£1 ^ruAi A m .oil ^£1x31 (3$1 ;J1 a 11 i. iiui'i A_nL31 CliVlxJl (jl -Iaa-V • 

.AAJ^Jnll (JaAaj ^)!i£Vl A m .oil 

.(JjA^ C. V^g ll ^ j)g Qa j jjj^ajJa^a A >jVl]l (jli Ax ^ a^»31 (JjAJ jjljX ^ aa»31 ^t. U^Vl 13 • 

JLlij^l <U) j) k±AJj\jL 
.uVl A_iAj^l 1 sj -^3 

.A m a!1 ^jaU- 31 ^)!i£l Ax ^ a^»a ^A S J .AJgIxII ^iAIaaII ^)^1 Ax ja\a ^^A (j (j-a_j!iij] 

<\)\.y )^\ j A_nLai]l l_u^)^j]1 aJIg! Ax ja\a ^«3j ^^^)!Laa 3 /’ 1<q ' 1 Ajl] IjAix i^jJa^pal 

Aj3x31 aJIgVI (j-Q Ja^a A jjil^k.iV 1 (3^ ^A (j-u^ (* j)g ^^jl LA^aj ;l_SA^J1 

;A_ia j^jl^^Jl 

.CIiI^ixIa djl jx^ll (3S 4 ^Jl1a]1 i^_flj-a^]l — IX (j L_fl^)X • 

,( 3 jVl ^I^jVI ( 3^]1 ^ (_^Aliil A^lj jx^ix *1 Jj^y S 4 .J ajx • 

(jj£) o^lxl • 

JljJl c_jjj^!i]l JUg ^1 o 

5 ^A^. .JUgII V flL-ajVl G (j -0 ^ Vwl Jj\ o jh\A — ^jL^jI i^lIa j)l£ 1 jj o 
_jx ^» ' \* \\ Ax j)a~^a j (3lx^]l ^lacj ^lill A ^xj.\j]l (_^ L_flL_ajVl (j-o linxj ^)!i£Vl Ax ja-^aII ^.IjIL^V 
(3lxo (jj]-a»j ^^] jIIaVI S^)jiu-a £jj^A 5 ^-aUx ^JgX # !^>xl aij # § ^3 Ajll-kll 

# AjA^J 1 L-JJjUll 

G ^A^. # (3lxoll ^Jaxj (__5^]1 flL-ajVl S (j- 0 *- Vwl ^jl 6j)3-i^i3 — ^3**) (31 xa jjl£ 13 0 
;^kl ^,'ix ajij .(31131 ^Jaiu V ^_gl]l A 'k^i'ill ^ c_flL_ajVl (j-o A_ia 3 - 0 X ^)!l£Vl Ax ja^aII ^.IjIL^V 

.G ^)*^l''i» .1 A_nL^jJl aJIgVI ^Jaxj V (_5^] (jl^oVl S^)jiu-a 5 ) x^al. 'iX- (j^x^iVi 

.^^)l^)£j]l Ja^Au^ oAi^^]l Aijjll Clalx j)a~^a W u^ij 1^A‘ iK Gj S C 5 -^ 

A-xi 3 "l Ujli (jUAjUaJ^a liijl£ Gj S • 

.A x^al'nA L_u^)^!i]l dalx ja\a jjli 4 j^j^V^A Gj S • 

^x J^jl (JaAj j)A ClilaUaJ (Jjia^ (31 C* ^ r\ 4 j31 A_utJ ^3 ?f ^jA^ii]l” ^a^_A^]l ^Ixj A Kx*ia ^J1 (jVl ^)3^\3 

(5*. 7*, 8 *. .7*, /i*) 

•lj3>jj (j^^ (3ix3i (3*. >3 


\.\» ±s-i 


,j^ 



G 

S 


{(®1< ®2. ®J. ®4. ®b)} 

{(5*. 7*. 8A, JA, K A)} 


G 

5 


4-c. ja^aII G ^jl C t i'n.j Cj^ 

G = {(®1> ®2 = ^ Aj ®Ji ®4i ®b)i 

(®li ®J — 8Ai ®4i ®b)i 
(®li ®2i ®Ji ®4 — <7Aj ®C>)i 
(® li ®2, ®Jj *4, ®E> = *'A)} 


(5A, 6A, 9A, 10A,<2A) 


. s 

:^jUjI dJiai UHi« 


*5 tiilj .^xjj G (j-° Vjl ClAj^Ljalill 

G = {(®ii *a = A, ®jj ®4i ®b)i 

(®1 i ®iJ) ®J — Aj ®4j ®E>)i 
(®1 1 ®<Ji ®Ji ®4 — Aj ® b)i 
(® li ®2j ®J) ®4i ® 6 = A)} 

5 - {(®i = 5A, ®a = A, ®j = A, ®4 = A, ®b = A)} 

{AVWWAOVQV) 

;Ldajl ^L^jI LuLia 

;5 tiilj G L>* ClAj^Ljalill 

{(®i = x t = x A = ®4 = ® B = samesuit, s 3j Ej, z 4) a B ), } 
{(®1 = 352 — ®J — ®4 — ®6 — samesuit, ®2j ®j, ® 4) ®b)} 


^olL-uJ <j| (_j^aj 

dal j)J-vn «1j^a] 1 a lWi . JIUl 1.3A ^ja«q] 1 / Jl ]*i3*vna ^3 Claims lllkl 

^AdaldJl o AA (J j-t-ajJj 

# ^c]| ### A x*iVa ^ jjll oLdal L_fllda£j ^ja 




ciaVl-^Jl Ull jl jail jl^dl cr^ uj c£-^ ^-aU^JI 6 ID 3 ^ jl jL^dl Quinlan 

^3 Idj ^jjaa i ‘ajuAil jl ^jL^jI ^ jg Qa ^^ks~k\ 4iQj (3^ ^J^l t A Jail 4 nLxill j AjjiI'n.jVI 

(23 L_ll^fcjl (Jx«Vl (^5-^ (Jixxjl ^c.1 JaII <A^]I 




JfisU jija 23 


jtjUl jla-ii fUj 


.A-^jl^f^ajl AJL^j^jl IDS cJ-^^dujl 
# A3J j!^l c. <aju^'i^ d alx>»3 A 3-i j a ai^J \ _jl^kx*iVi 

/o^alii] Ajjjl^jl As* ja^^]! — o^^kxxill ^ja ^lA^lill ^»jAc. ^a^»a]I L_aj_jd dlliiC- ^ja ^j \ jdqjl 1 

/o^^xxlli _jl (J-wLluL3 L_ia_jd A-IIaI 

# L_fl3 jJ J^n A-HaV^ (3^ d )Vu/i Ijj 

.Adlj |*| j S^sLill ^gJ] AJJj^Sjl aJLgI ^ja tiilj L_flvl_da 


Saj-Ia. Aac- AiUa) 

[dAjAq^jl AiLiJal dl3j ^~l"rdl 0^)^XX)11 ^^CkJ Ale. 

• UdJ^ 1 <_ja ^!a£l daLa jb-A ^r.Vnxxi ^dll ji • 

.AAIaJI (. Q au^all AjIaC. ^3 oAjlill A-AJ.2C. ^ oAjA^. SAiC. ASldal • 

Aa!>Ic. ^3 qj£^1xaj Ig Ux^ic.1 ^jjl j Ajlc- jk dale. ja-\a ^gJj <*_jjjJjJ 1 daVl^. (Jx^Vuxi ULi^i • 

# a1aI£JI Ajjjlilll Ac. ^ a^»a 1] db -*->* ojjktJI j s-lgjl Ai^JaJ U& 

:jtj|)t SjO 1 ^j'j2 

^ fl^ajl fiLjaS Ijl A ^ mill dllc.l^)9 ( _j^i • 

.Jd LS^^' • 

;jl>iaVI 

* J ■'■' (. ^_bJa jJ AjjJt-jbll ( _j>o 33 — ^jAi] A_laauilj Jgjtjjla (J VAlj' 


(EBL) t_A^! ^gJc. ( J*j1I 

.A^lj Jlia O'? 0“^ ^jlaluAij 

.A-oJIa]! S^aII ^3 l.^g ~n ^)3jj La A K xxia ^cjld (JIaxJjujI ;A_1uA_ujV1 

;davldJ^ll ^\ ^jl 4 cJ^ QA^S)! ^jjjLxd ^glc- ^lx_ill 

<-ujj£)l Jlla 


# a 11*J1 ^3 al^j La ^ja ^\«*n da 
A_aLljj (j\ tj? Ill L Qx^jgJ^ O — 


AjjAla. jLjla 

# (jLaXJjoJ^yU ALlill ^JAIaaII (. Qx^J 

JIa-^ 1 Ajjlaj 

# Lo cJI^-a ^3 (JLaC-V^j ^Ixxi'nVI dal3vl*JI c. Qx^‘a Ae. ja-^a — 



'} jS] C_fl.JI ^ < b^-^J ^al£ Ja53 (_jJ (jill CJJ^pli! Jlio ^ l*a*J t- . j ^)Jj-a£lH ( Jc. ( Jrdl Jtll]l 

.1 dajl J 4 *-^ J jAj 

; jlj j3-k dlliA 13b J 4 *-^ 

jj' ..«"■'! 

/ Algll ^ ^_1 aj Jxij Lgj 3 L-L^dill Jlio j*< i A aq a ^jdl dj3u3l 3^ L - A pt‘i 3-ajdLd 3’ 7* J Jaj — 

»J .till 

/ AlJI ^ J 1 3^3 ^ ^ \.'* ' 3^-^ Ja 1 ^Lolilll 

jiujlll J c- Jidl JjuII Je Jliu 

,ajj_^i — ( Homs ) Jj 3j3sJI 

;i_1jjJj]| dlljUj jj 

near (Damascus, Homs), 
airport (Damascus) 

!i_s^ 3U-3I ia jjt-A jl 

near(x,y) Aholds ( loc (x) , s ) — ►holds (loc (y) , result (drive (x, y) , s ) ) 

airport(z) — kloc(z), result ( fly ( z ), s )) ) 

.<*31 Jh c c ■ ^ ie]l (jud o' 1 . *?• ' jpd i 3^xJI J jAj j3*-a *dl^3 a3b ^3 

; Jl3l£ jUjj ijl j3j UaaA 
.holds 3 Os cdVl^JI ^ — holds ( loc (Homs ), s ) 
:3^ 3f , ~3 J-* s holds u' t - A ^ 1 3' 3^4 3^ 

result (drive (Damascus, Homs) , 

result (fly (Damascus) , s'))) 

13^ 31 .Homs Jj » JJ3 ajj dill a*jj (Damascus) jlk« Jj jja ji JJ jad 
aa^jaj jl jjd jai 3 ■ -I'i ■ - ,v y ' ^3 A Homs jl l " .^- 1 ° l_ilc. ac.1 J AjuJoj Jed J jjbj jUb jJI 

: JUli 

holds ( loc (x) , drive (Damascus, x) , 

result (fly (Damascus) , s'))) 

Homs L " .J^-oa Jj 3' j - dj) ' 3^° 33 Jl 3 jj-=a J j ) 1-a • ,• '• 'y lij| r*y-> — 3u >.n • 1 ^ ^ Ha jS] 

j J< .~~ ^ ^ j~d3 ' 33ixlojj 3Jd (jl u ^ j t a-HjlVl 3ujc. ciiULidl Sac-la ^3 yjaj 

near (Damascus, x) — >-holds (loc (x) , drive (Damascus, x) , result (fly (Damascus) , 
s' ) ) ) 


3 ^j (jll .x SjLiJI SaLii dill u*jj Jj v' j .J) ' ‘dlj 3^ ^ji 3^ S^J x 3j )ua 

a-ic-lill cIa LioLcj 

;^u-ayj HomS 3 f J 3 i-i 3 Jd ji Ldajl jj (j=d 


near (Homs, x) Aairport (x) — ►holds ( loc (Homs ) , result (drive (x, Homs ) , 
result(fly(x) ,s') ) ) 


3 jd dpj .dltiA (ja ojLiiJI ajj J c jUaxi ujJI Jj j.jjj Homs Jl 3 j - a C : 3 3 ' 3^3 3 j 3 ^ y-& 13 b 
J 3 3 Jm 3 ^j . JjoJI JjUj JLoij Jc 3^1 j ((Aleppo) ►. 'h>) jUa^ L ALdaj (jl 

:<3UJl ^d^l Damascus j Homs 3* ALSaJI 



holds (loc (y ) r — ►airport (y) Anear(x,y) 
result (drive (x, y ) , result (fly (x ) , s 1 ) ) ) 


> ^Ix A jjd A^J*_<ajl .1^1 J^jl ud^Sj 4_i3 (jill j-<a ^ A, il'i^ V 1 

( 1976 ) - lajLj 

# dllx jxlx<A 1 A_ijlajj A_AjVI dlLidaUjll ^3 c. Q tVi ^ j ^oaljjj jA - AIV1 

; j!Ad.d<a dlLaJ AIM 


t dilx jxLxdl j\_di] - ;dilA ^Ac. (JUgj .(LISP (J^d dilx j)<q><q 11 A-ijLj ^jaIA-o Q^ x ) L Qx«oj • 

# Ax jlill Ax. ja^»a] 1 t ( xlalA*iJl 

# dlLidaLi jll ^3 dll.jLa.il - ;dilA ^Ac. .dll.jx^nljjJl jl_dl 4 j‘<1j^ dllAjltA • 

;dlAdj£l AM a ^1 x 1 dlL<ajIxA]l g-l.Lc.lj 

4 jl.lC.yi 

OJjAa Ax JA~\A — A 'S.J'S.x.^lll jljcVl L_lLul^Al A qjL j (J fiJJJ-^jl fiJA J Ax j^-NaII JtL.'lC. L_jLu 1 ^. ja — 

.I^AajVIa ULu 1 

AildaVl 

1 ^ 4 >. x l l L 4 i u-s. \ 1 J d j ) jj*<n. d -s. A __ 

L_ljjJall 

.dlii aJjj^a dulfa tA-AULs jj£ 1 i <a\.x^ji t4_iA ja Ax j/a'NA A-ijLj CIiLAajl^ L_ijda]lj Alleys Ja_j — 

*U^J1 e lSjVl 

_ L’q3 J^lj (JaIx £A jljcVlj ^alSj^lA J^Ja^I 4aj 3 L_Luaj£l — 

Golbach u^A 

.11 + 17 — 28 - idllA ^Ac JliLaj jjjjc ^a^. 4 >jTi5 l_jA£j jl (j^j 4_L.jj jIjc.1 — 

^gAc.1 J£dj A^xlqll A_Lls jIjcI 

tfl ja J4^1 (JaIjC oAx L jl£ 1A1 t^Acl (J£dj AauAiI] cJjl3 jjfLl L # jl^-aVl jJ3 j!l£l (JaIjC £a jljcl — 

. 1 ,2, 3, 4, 6, 1 2 diLa j-^Alo aIuj ©Ax 1 2 - *dilA ^^^Ac (Jl-Lj .k j -0 l)^ 1 ^r.j^x^ jjc 


? AMcWcs 

; L5 xl’iLx^Vl ^1£1U A_^lx]l CliLijalAl ^j-«a AiAtAl ^Vuxij AM 

# A_iiJalj^)]l ^iaIx< 4 ] ^>LV 1 (^joLuI Jjl^l • 

# ^Ju3 ^AJaJj ((jjixjj) oAiA^. ^iAILo (3^^ (j^ AM O 

i^)Vl Cll^jl 

CII 3 I. xfrfti ^A1 ^ cijlLLAall (J ciAj^VAl (JIaj 250 q 

toAaA^. ^iAILg (_3^^ t( * ^A.L ^11 •>, W'uxij c. <a^ q 
jlj^yi j AxJajilJl t _ 5 Ac. • 

# (J-<a*Al c. <il.xxnSV (oAl^.1) (jL*xl 2j*^ 


( 1981 ) uj^ — JilLAl djULnll c. •A.frKi 

L-fllfoA^I - 4 g.lj^j^]l - ;dilA (.fAc. 21 Aaj — Ig J ^alljtAl ^ja djULnll 4 ,L^vLaj c.** \xl" \ dilil AuA^V 1 AjAiAI 

.Alx jail ^jUl - ^11 4^1 jill 

' >• ' > 

j-g ^Ljjl fiAA (JiLc ."i iVi A AAjl^xa jA jjSjj 

| jj^JJ ^allaj 4j-a>ll 

A K xxi ^ J ) dll jaxldl Ax jA^ja ^Ja l^jl • 



- p CIjI^axIa A_*jjL ^ .JIaaII l3 ** ) ls^ J^a U^ qj^jj - ;tilli ^Ic. (JHa j o 

- ^lc.^lujyi . jlifcjl 4_^p — X (j-«a A_Ia£ — fl 4 jUJ' — V 3*1 at x-^-a 

.^4^ k o' ‘ pV /nX = k 

3 KaaiaII ^j-o A_ijj^)^j]l ClAjLnll ^j-o ^ia (Jbkjl • 
# d jULnll <^a ClalAL^jVi A Jo'svUa (JjL^jj Clukjj_i31 (_yas lj (Ja*sa (j^fLiJ • 

^I'iVuxiV 1 e-UaC-l • 

.Joule uj ^ j ^ j31 ajU^ t Ohm uj^ <^M3I Kepler gj^S ^ (5^ U^i 


jlalUll 

• ^UjLiLq ^jlj^jj jliil gLa j)g q^]i Aq» >a\\ 3*ij3*iVili ^j^x.^i'n 

# (J3aa 11 ^jl^. (jjjU»3t o* Ai^c- Ajj 
^ JLg jl£ jA 

a! 1 Ij^ijj A_LojJaliA]l Apj^^j]! Ac-^joij ^jaull J)..\. 1<Q J 

^^c-l'il^x^iV i ^a A_iuiLii]l l 3^)^ Cy* (jl^ja^la cilliA 


^jaall jiaLnll 

# ^JvLa (J* V 1 C5"^ A_IL^Jl A -^xAi'ij j (JjLg-q Jk ^jc- cliaJ 

# A_iC.l^)i]l <LujAi^JI - (_5^C. Jllo j 

Lijla (24 .^ja^) 11) Ajjliujj J a j)3*iAll ^j^ia ji (j\j ^ ol^jl J -3a j)3*iAll ^JaS 3^^3al C1 iLq^I*_a Ijj 

# Ij1j 31] A_Ajaii]lj aIjLaa CllLlxia^a (j^ 



c J^j *1 jlallj JHa 24 


A <95 = COD U jil ! j RO = NY ^ ^ 

iteis - RO + ON = ON + NY u 1 
A <95 + 5<9C = 50C + COD U . 3 &4 ^ !A 
/?N = OF JaaJl jU ^^1 SJtlS ^ I*Uj 
AOC = SOD jll U^ ^>3' L>^ lil 


J] f^^3i J jlaJI T ^^43' ^j3a 4 T-space (1983) Carbonell 

# F g-h>»a — a Kx^i ^Ljaa ^a daVl-s^ S^^JaiA 3^3^]! 

diVl-^3i ^gi] ^j^3^ J4JI ciiVl-^ cj-J^ (jj^x^ij X (^g^uuo-G 

# djUajLJl (JjLojj — X c." ^ u^ij _j3alii3\j 


C. Qx^lj 


^JIulaI) jlaUJJi 

t li'qa (2^3^ J) jl^ 3^3 j — a KxaiaII a ^ ^JaLiill 



^3 - (J^Jl ^1 (Jjj-a j\\ C’ j j)A j oj^kLdll dll ^Jadll — A KxxiaII (Jd ^dll j^a^ll aLoA-uj^ ^cj^)1j (j| 

'b_j A& Alx-a CllL L_lic.l 

;oJ£*-a] 1 diVl^ll ^ dil jl-g-All c&j aAac. ^ (j jj^da cjiAuAl jJaU5]l (jL Carbone!! 

# Ai£i V AaiLl Aa^. Aj 3^)^J1 A_A^d-^l — LISP 4-^-^d^ ^-*A ^1 (JI£-ujIj <^o^)i]l AxA jd ^d <dk^)J ^3 • 

Vlll dll^)1^3j ^LluLiJ^)]! AjKjg 11 (jl C. t VN.J 

# S_jj^)da]l Aic ij (jj^ujl (j \a'\ xaiV 1 (jl d^ IAa (Ja*A (JJjL • 

# ^aA^)Jxj Idls A <dj-uj Vl_j 1-Q LiljVl diLiuia^jl j dll jL-^Jl Lj • 

. Jji d I'yi cJ-da3l — (Jjld jL^jV ^lA^j tilli • 

(\*1\ A\jSi\ 

^ J^l s Jjis 3^ <j£l ^ j3UI jpa jj£l A3^)*_xa AAli^J A a)ViV1 fiAA — Ale till^j] A j'qjq^Al Aj^AII A-cJajVl if^p 

•• 0 _ J. ' J. ’ , ** 

c. (JHaII l^A d$ Jaj (JL^. Ail <^Ac ,^-*Al d^Al d.^** 1 ’^ aJjL^-o dd* J (_£»^ CYC ^VAaj Ud^A .SlLx^Jl AclAI 

;^cA] ^Ixll A_aLj 1 ^-Iddi 1.1^. Aid* - ® S^c-ls C t AAVVi ^A-a'Al jpa ^ d^l IAa jjl 

.dLVl - Apt*]! ( e WVl) *Uftl UiL^jl • 

.(djU^Jd^) l -— J tAa jAiAa — Aiajj]! dlld^Vl d-Q AilliLa • 

.L-JJJ dll (jiai^jl — A_£jp]l ^tULaA • 

(jl d^J IAa L WA d^^dP^ d=d t ^C.l'iLx^V 1 £.l£A]l ^3 A Ag /all £J-dald-&]l (j-Q «lp*AJ ^alxJl d-ki^^ dlLl^JJ 1 d-^] d J*"^ 1 ' 1 

# lajLuj did3jj ^ t >>ald^l d-o dd«Jl (3fLi 

^bj^i __ j^aii ^uii 

A_ix_nla]l AaLjVI dld^ 1 (Jd^ A dig ^Jl ^C-lllaj-aVl ^.l^lll A /a ]Vil d.. 1 . 1 ^ 3 ' 1 C 5 ^ 

;(JHa] 1 tJ;^^ ^Ac- t^llxJl IAa (Jd^ A >ajA-aC. dlLiad^*-^ ^d*^ U >> " L-uld*^ Sd^. A_lLL«a d 0 

# CllVLfejl d-o ddtil ^3 d^o Od^^ Aad-^J Ale. A_jl d^ (j^AaJ dLajVl • 

^Lo-oV lj cdlid^ 1 ' *^d^ ^L’^xxi/a^ Ja d^ (j ^ -0 ^ jAj (jl (j^A^ d 0 • 

d <i\Alld ^aLobl] A ^dd^ L_L-alL<a]l ^3 d^Ax^-uj ^d^^d^^) (Jd*^^^ ^d*^ • 

^jII ^.Lid^ll d^jl d^ CP" *^d^^ ^d^ 3 C5^ IbaC.1 dd^jJ ^A l/a n t i d^^^ d^ cJ^- 

A^d^- (JlA-<a]l (JjUjal ^jAc. CL_iuaj] CllV«^lj*-A^l (jAdlid ^-dald ( djl--Od^ 3t ^^ d^ 1 ^ U (j^j 

# ^ldf^jl d.^^d^l (j -0 ^La-oj-axa ^oald^ d^ d^ L_lLui^Al ^d^^ C5^ ^d^k. CllbjoiLfcjl A_iii^Al ^3 ^(JdA^jl 

? ( JUA1 La ^Uq^Jl Igj ^j^jSll ^a oaa (3a 

?AJd' djljxdal-jd 1 d^ ^ cl)^ l 3^ <^1 d 1 ^ aA^ 4)^ d^*^ cJliLVl 

(3^A1 A IjViuu d^ Ajx->-a dd^ 1 (J^LIaII j)A Ai^xAl (jl (j^AaJ o.Vte a L-ld-^^- ^ALaj J d^- d^ d^d d^ 1 ^ d^^ 1 

.l£A! A lj V uxiaj (jAd li jjV Aj*->-a dd^j *^3 ^ # ^tll #>> (J^l^jil t(JjJal$*i]l^ C1 iV^L-a^1 A a)Vi1 .^\i\Vi (JS xxij 

^ Jjl\ ^AUJl A^IaA 

;AJU11 CliUU^ll cJ-^y d - ^ -fi ' 1<Q jALajII <^Ljj A jarjjUl C1 iIj'a» 11 (_5 Jt - UJ A Ajc. d^l ^-Ld^All 


) ©dld^^ ^^d*^ ” ^Ac- JIAa d ^^^1 (j^ SAWa Ac. d <Q > <Q ^Aa (j£i (d'\.^\l]l ^-Ljd^l ^^d^ (^ — 

f frozen, feeiujeen. 6 ozYin.fl f 

1 1 1 J {jlllill dl^ldlaJl^^l} 

Aia£J 1 Cdlcl da 

'JAxIiaI A nx^d^ Ld® QdJ* x-, ° d <Q > <Q — 

d±lilAl Ann 

^C"d 3^ d‘i (jl (j^AaJ d.)J*‘3 A^jLJI AjL^JI Ajja^jl .aJILaII ClilSdVl (_^a A q Vi A A ^j 3 dkili ClildAxl3^ — 

{decreasing, steady, mcreasm^} 

| A x^i^l Via tALlii toAiljAA | # - ;di]A c 3L^d ^Aaa^]! ^lxd»3 

jjjLujII 



O* $ 5 Jf — 

J) A ,ag a — 

dVMI 

t d 3 dl^^iilLail dale, j-^-^ ^ — 


|L_slida J^c-Jijjl ; fl h-tV f 

- {empty, between , full} , 

{SjjU* iojL&A l Aj^j i<c.j li J l id lijl 

; t _ s ic. (Jj^aai j A^l J (jlj <_JJJJE. <jjiaj3 l «;■>»' LaAic- j£ 

empty -{■ empty = empty 

empty + betweem — between 

empty + full = full 

between -+- between = [between, full, over flow} 
between + ful! — full -(- overflow 

full + full = full -f overflow 

AjC- jill CjLajix^il £-a (jtUILuiVI) JjSiUl 

•^^saj al jLi^VI L_lic.l ^3 <J c - yi Sl£L^-a 4-liJai.aIl aA& ^3 

% 

.<AC . ji dl jjxIo dj9 dl 4_L^aiLall djl jdl <1 uiLuj l_iLjj • 

.<dle ^j_jLi LS^ ^'-^'J- 3 ^ A J-ajl* a^)Jl dVd-11 • 

liA ^W'iui/Q — x>ia \ LS^" c -" 4 ^^il J^-d ^Ixxi'nVI (_ja .Ipxll ^9 .lelj|jl • 

,.lj§jl J^a’qVa 

# 4_Lu^-a] 1 dVlsljVlj dVbJl J£ 4,^Uxi (j-Q <a]!ida JlL.il J 3a a ^9 ^ia^AcJl 

^.ljVi jA A^u’xill J^ 

^allxllj 4dljl<a» 11 £•- Ijjl (j-® dlxll Jjaj t, <n^ d^)xj (jl (.. a^j <_jia^)x]l I^J <11x9 0 aI^)J jl^uV 


t (jj 9 jxAn <i 9 ^ill 


1 ^UJl J-a^Jl 

.dLoll tc jlLJl ‘(j-^J^I ;lg_La J ^alxll (j-ki^ll <Jjdl\j <LujLuj1 ^jAIAaII ) 

QAjl\ 

• JHaII JjJjoj .L>* <iL-aiill <*_nJqJ ^ia^lxxL ^>1^1 ^gJj <9^1Ljl ^aJ] 1 ^1^1 ^jjjxj l- 3 ^ 

# 1970 j dl an xxi 11 c <jx^»*l i<q dLo^ill X _jl.^ uxi^aII J^xxi • 

.1970 ^XuU • 

.<1Lula 11 X ^,'\ixxi^Q Jfl dlliC. ^Ic- l.^Vlxxixa Lc_^ll 1^ Uxi^aIIj a ^)Ax-al • 

. 1970 l^i^l ^^^AaII ^ 1 (jb ^J)$ xx). a ^r,''a V'a x xi 'a ^ji L)^- 3 • 

;dl^^Vb ^ I'l^'Q (j -0 jjl (> J^VI I jSill 5J 

loUQ <i1q j dli jl ^Ij 33 ^121 djl^.Vl • 

n.a jJl L>^) '^ 3 '- LA J AjI^j Jal^j l^J 0 Jljl • 

liJ tClaLl^j tj^ JjII 3 c die. I < 0 * 1 -si ttilli Jj 9 J!lo c. qIx^> jl — (_£ LaA^.L jla Ta ^jl (j^j dljljl • 

.^tll..L : J Vi jo tdLl^j 4^121 iJjS 

.di9^11 dl^^Vl dj-ajl dl jjflll dLi^j^jl ^^^-if 3 u'^ cj^b (jd • 



(_jI£a M J1a (jAqJl Jl-^. Ajl ^Ac. . (JSaII ^ ^■^' <l J (J^ x ** ‘ 3 (j^ (j^-oJ tljl *>" 1J^ 3-a J x ai J JHa Jj£Jl ^llc. (jl 

JjL^j e3 lei .(^Iaj) C1i3ja L 9^* W dile^-Vl C 5 ^^° iS^ IaJ ^Lui^.Vl . Aaj!Aa jjc. ” y ^xxi-n l_i j3j x 

^j-o clilii^laAl ^ja ejjAll cAUaj 3D ^txjVl ^A (jI^aII JL^. A_A ^^Ae . < -- j 3jJ1 Cy* |»t*Al ^ja^AI Aj^Iaj ^ ja5 ^ J 

(_ja A^IYLaII CIjUjJjoiaII jIIaIIj ^Uxi-nVI (££^)Aai]l .Sej^. S^jfls (J^ lei Cl: l 3^H aeA 

ebtjVl ^jljj ^txxi'N l^jl ^1 Ia£ Ac. jiAiaII Ajjj^j^jy^ ClllsUaill ^Al ^)lzilj (jl L)^ - !*— ^ cJ^-^J .ej^)VAI 

JIAaII Jjxuj ^^^Ac. L>° AjAxaII CIAjjJjoiaII ^3 Ai£ylx]l dile (_j-ajL-aVll ejeVi JjIaJI ^jLjlVj .2D 

^Jjl^sbu Clllij^lxll Ix^ill L_fl^)xj Ji ^j£a J (_J^ .^til... S^)jL^A t JVle J!lA ^)1 £a]1 ^Ac. djls^lxll J| (j^AJ 

.^tll ^J^aC. t^)JC. C J^Ia ^^^Ae - |ciile ^^Ac. J15 a j .^» j CIAj^JjoiaII j ^ jAixxi j Aa j)3a~N j 

SeUll 

ijl ^-li^j 


oI^aII ^ajlx^i*\ 

. C-IaII ^Ae ^xaaII ^JalboLl V Clljl 

f e 

I.Kj IAIa i Yja J o ‘■-^1 lei 

_u! lei 


I.Kj 1 AIa AIaI£ S^y\jLA I 

.L_1^JJI (^jaA ^'v^xxiVl ^jj-axl ^jl (_j£aj Clljl • 

l^A .^.xxi-nS/Ij A^^xjai^jl A i^b ^jj^Alil ^.a I j a .S^j / iaII Jaleill ^ja ^a^lc-1 Ia£^) (JjIjj^jJI 

;(J!ia ^j-ajL-a^Jl (jl (j^-^J 

.(Jj^- 1 -^^ jj Lu ^ — a^_ui]l • 

^JA (J^XjAaII ^-^Jl AdA^ji • 

.A lA^ll (_^^LuL3 AxjaII 1 jj • 

•iJlllc. L a^ ^jAjJall (_jl O^H ^ajlx^TN 

. ^xxi-n ^ V jISaI! lil — • 

.1^. (3^^ -^t^A JIIaII (jl£ I jj )aJ^A • 

l t llx^A • 

UJ^ • 

Ja jj jl - ;iillj ^^Ac. (JIAaj — • 

S ^iaL 

dlxoul Ia A,j ilxxiiVI a^)^!j]l .^alxli] A^LaVI a^C. till tjJajl j ^t*Jl (Ja^JI cA^Iuj ^j Aj-uii]\j ^yia'i S^)£!ei! 

Sec. ^jj'ilxxi^jjl c-tAicej^ cJ^ ^ jg ^ 

Aj-al_^JI CIiIa .C llS jjl (jA^j ^3 l_A (Ja V i ^jl e jjj Sec. Ja£3 — (SXIVI) L rM.ji^ • 

.IjA S^)1uLia cill^eV^ 

.AAjle j le^. S j±& gjjckjl ^^Ae Sjes — (LTM) • 

; CJ A1 c_iiei ^ ^IjAi ejxJl ^eAll Sj^le 

.Ajx^tnxxAI l_ijL^A1L a x^IaH ciiU jl*-Jl ^Ac. ^ j'ia] i — AjeljWuxij Sj^le • 


- ;tiile ^Ac. JIAaj 


J! ^ 


a a (jjej AaIiJI ^liajl ^^Ae ^ j)"i Vi — ^A-ilaa]^ A j'qjla'ilAjxxi S^^le • 

. JjA-ill Ailll ^-3 AjAaC. ^3 e^La »^ej 

4 jqj^'il.AjxxAl Sj^lell ^gAc. Quillian J^ oa LS c.\,\]^^y\ ^.l£ell a aAVi! ^ cii^Jl aa^.U ^a 


CjIx^aAa c." i Vi'i VjeijWixxiVi S^)£le]l Jc. JacJIj .Sj-xa^AIj (JjAAUI > > > n^l^All j Aj'qjJa'ilAjxxAi ^JaVij ciil^ ulll 

LTM J STM 4-3 ^eLaj (_5Ae JHa ^A ^tAjj A A)a'il .CllUa 

aJLulaJI Ja ^ S jj^ 

a aIoV' # ^)JaLii]lj <1 jWa J^LaaII ^ja eje*Jl ^jU tJi^) .a K xIaII JV ^3 S^^ljl ^)j*^ Ai^)» a 1 1 jjJa^All leA 
Clilyi^A A aA-i'i VI aeA ^e Vitoj i. (CBR j vSl-^ Jl ^Ae Aj'iiaII ^InuxiVl A aA-i'i! ^^ax-uj A Ag a! 1 aeA l_ijjoA_^A! 

.Sj^lell ^■U.jIojIj ^A^jl t _ 5 Ae Se-Ab j a a A-i 'i V 1 dAa .Wie i c^lt'^ # A_AjVi ^eLiAll ^ja l qIx^» jl ^ja Vej S^ij£ AaIc. AAL^. 



Ja£a AivbtJl djlj j jjli Ia A l^t!u ^cli 


LqJuC. — ^W’lxxn jjl 


_L^j A-^J J^l ^»Uaj 

.($ jSljdl j)A L_illaJ^ jjl c. ^ 1 'N. i 

a A Kxxi^H ^a ^(_j-ajL«aV]l^ cIiI^iaIIj 32 ^ o 

.Aj^^Ix-G-gII C1iIa^I*_a]I A \t.S-i j)A 1> . 

.^SLoj^Jl JjUj^jJI ^^a iaiia a_a^_a]I djljj^l t i O 
a \jA l-lujLLq j ^.l^aiLujVi (_5^ ^j^l ^ixlill o 

'J±& (jj)^Jxx 1 (jl d 0^-A '£]-Gx 1 u 1 a ]1 djULiill L_li£I^J 

?I<1g $. ja. A-^33^ 3 CllLa ^I*- a1I 3^ 3^ O 

^a jjjjllj j)JJjLxA_jl (jjg ~N ^a ^al.W'uxilj A_I\_a iJjJaal ^)LiLkV ^ 1**1 Vi /o^lc. CllVl-^1 j)A 

* (j^-LAjJaJJ 

.A a K xxi^jlil a xxi Vi L_fl^Jl ^jJgjJ^jj (^j! ViVI-a^l — a_a]jI a jlx^alj t, V^a o 

.Cliljj^l j)A ^^j^VI^^JI jl^ A_iaAI jpudaij (Uj 3 l Cli Vl-all — Sj^U SjjA 3 .. u diq‘i o 

/qAWaII djljj^ajl L* Uxi'S A — ^.la^a (Jjx^q'l O 


Allxi. 


A_ajUaii]l d_iV33l -lj. W’n — O 

# l^)V jA g^jUa^jl d_iV33l c-Ualilj — d uwll 3jx>>d o 
£-a c. <aj^'ill aJ jg,xxn IAjIjxg d Ate ^1 ViVt-all — 4_aj£j]l Jjx^iq" 3^A_dj q 




^^jLg ^ij lg.\* ~N j A-aJ^jV! ^)x^\lH A_lx-al_a g.U^C .1 ^A J 4 ^g.cA'lJ-lx.rOy 1 A aJViI j)A ^-A £ ja Vj^)ll 

%80 ^l^a c ~^'^ .^'Lg^II ^•n.^x 3_>^ >> " — jjLudVl l£*^ Iji^* i 3^*^ VuAaJI ^a ajj^II 

^j-ul^all ^a\j d \. u -^' 1 (^A AjaUll %20 21 j ^^>^21 (jj^la (jc* ^c-g 11 (Jj-ali C 5 ^ Aij*-all CIivL^Aa 


(J "i^- 1 

A_i^.jUJl jl ^aUg-g] 1 ^-3 A_i^.\j ^j-G SJ jjq\\ tiiLGjV (jV^ (_5-^- A-A^aji 

A_iiiJa A_1 ij ^ A_^_^.^a (j^^-3 (j) A ^•nI'iH A-ilVl A aJ--i ' ll ^~l"i Vi m 'c>Mx aH 

?A_i*_x-a Ajj^)ll 1 jI-a] 

jjA j di^sa cIjIa ^1*_a 11 (j>>» j — 31*jV^ a j‘i\ v'i ^jjja-aj aJI ^a # ^ \ • 

a l^jlxlull L_lX-x^]l 

;(Ja 1^*J1 jpa t _ 5 -ic. oAaj*_a Sjjx^H • 

4 ( J jjoil 1 / a i' V 1 (_^^Lg^) 11 CliL^^di 4 ^.l^A^jl (.** 1 Vi Ajtjoi^n — ^jjj\.xxi"\Vi oljl A_*_nla o 

. ^L. uj^' 

a ^t]l a j^Jl 4^1^)^Lujyi 4djLaJ^%jl 4^ J-da ^11 4 AJjojLui^]! — Sl^Vi (_J-a jL-aV O 
vla^)i^]l djLajl^xjVi ji (Jjllgjl 4 A Vuxi AJ^ILg ^Jaxj AliaL^jl Of-LdaVl — . ^ .xx i a I I a^Lda) o 

a Ldajl (3^1 -^aa jlj Uxi j ^a 
# ^cll a # # A-J^laj 4L_l\j-da 4jUc. — Vlnll O 
jjj3^ 4 ^-xaII oJIa — ^a-uiaJI ^.Jaxxi\ A_ui£t*Jl (_j^ajljx-aV]l O 

1a jjjA'lJ ^Ajj^)ll^ ^Jj-all A_^Jl*_AJ AIIVIaII CdllAJjl ^Vll (jl >>" 1J*\ (jl C. t 1~N.J djlA^Lt-Gl! (jA * 

# l^. £.!jV! A-2^C* Clibluia. C t lUaTi 

# Ajj^)ll djLiAj^jl^aJ jl^AJ (jl (_^_jj^)Iia]l (jA - A_lnllj ^Ixxi-nVI j)A (J^ (jc. — ^ail*JI (jc. A_a^)3*_A • 

?^C»l iJax^aVI A aJo iLj Jajj^A I.3A I^LgIj Ia^-I^V _jj)x^*»\l ^) JJa'i^ A_aJ\jt_A ^aJaJ lA^1 1^‘ 1 Clll iIaC^JI (jA (^1 

^alxxi-^VI j ajjx^j ^A_lda\j^ ^ jl-AJ ^Jl g-VKl ^-dalj (J^doJ — ^,x jjl)^ajl ^aill^Jlj ^alxxi-N^ I j 4^)ja-a]l C. kxsi j • 

# l_dajl Aij*_All J. 11 A 1 Jala^A ^1 ^~l"i^'i j 

JUg # (jLoijVI jl L_JjjailaJI (j-o (J-daal Ig x a (JaIjmII ^)j_x-all ClilL-al^A (jgjACkJ — A -^llx a • 

# ^tll a # # djladu^All ^al.W'ixxi j ^)jA-a]l A_iL-aJ j A j'q Vi 4 Sl^LdaVI 44 _fll^aJl didVi * tiilj 



^ja L ji J ^ tAiLdl Jla J)jjdll (JjV^ Clll^iA {_yz^h Vu*il — ^gjjAill • 

.Sjj J-^jl 

aJUI ^adll £-Q !■$ jlc- AJdl ^adll AdUa-aJ L_^jjJ^Li 4 3^1 ^ ^jaidl J)jjd • 

.4 aix-dl l3^J £.La20U o3.wdl ^adll jl diULnll &3C. Is ^3 

.^a-uidl ^3 (jjAdll dll^La ^AjLLladl ^)Jj\jl-q) — (Jj\Vl • 

^3 Vuial 4*o^)jj-dl ^3 ^Ixxi-nVI (jlda 33^j S33*da - S^^ojl ^3 • 

. 3g JI)a\\ qa AIajVI 

(jA (jl ^dal jjl (j a .Sjjj-^jl ^ ^aL^Vi Jc. ^U*i-nV 1 jjxd) L_fl^)dlJI jA AjjjJI ^ja ^j\^_ill c. Og 'I (jj 

A_AaC. ^3 cij^lia-Q — *A»q)1j JojAvxajl 4^4]^ 4^1 .Y i TuxV 1 j tA3^)x^jl (Jj'l/n — ^^C-Lilax-aVl s-l^dl A xiJV'il dal j'iVi 

.A_AV1 Ajy^j! 


i jj^j) ujIuu£1 

^A! 1 g WajIj ojjx^II ^Ac. (J jx-o^ll 4jqj^ .Sjj.^ill ^(Jld3j) l_jLuij£! A_d.^)-Q ^a AjJ^ ^Uaj c^V ^AjVl aA^^aII j] 

3j3x]I c-taV ^Ac. 3ila (jl L)t^£ A ^kl\.» ^]1 A qV^ja t^3J^ dliA 4 S^)jj-dl cJ 3 * j .4_j^xxLdl 

33 S3 jA-aLall ^\,g a \\ (jli cJ^-dj 4. a x /i Yi S^)jj-dl lij t(jL^. Aj! ^Ac. .^aj-Al A-J^ilx^j! j AqVl^dl Ajj^) 11 ^sl£A 

.S^)j>x^*all ^jj x xi -h’l AJad^J a_L\3 V 


2D- 3 ^V1 Adlij jj-^ll JIaj) 

^A-id^j S^)jj-a) ^13^1 C 5 ^- ( (_^3Lg^) 1I dal^^)3j ^ 4 j3L^.I ^_^A AjjoiLujVI 31*jV^ A \‘)\, nil S^jj-all ^jj 

f <-gj3 j ^Jakj Cj\jjl3a.j yj X l 8 * 4 f (x ,y) Sl^ldaVl S3dJ ^LidaUj A3vloil 31 xjV 1 Ad US Sjjx-^Jl C Qx^-a j (jdaJ 

a A Jo’q all dila ^3 S^^-all ^3La^)ll A-od ^Sl^LjaVl^ j)3->xai 11 Ajjd ^^A ^X , y) aJoSj 

• 4 A W *A \ \ >1 t .^N \ j 1^1 4 L -^\ 1 

^It/iVu S^Ldajj dj\dl3^l ^ad • 


/Sjjj-^JI 


O -0 


yj x A^uxi daljjl3d ^c. Ail!i£ • 

,(A-«u9 256) djUld § ^j-o ^jkj Ailii^Jl (jc- ^nadll • 

A J-iq a 4 <i u^j y j X **" 31 *jV 1 j&gjlij A3 ^Sj - a-dl AaaS ^ gjl 33 (_yd c4 j dxi^k.11 (_jial^)C.bU 

.26 J 25 .( a - UJ ^jJ^ 3 ALuj .^S^)j->-a ^x-aic.) A-dld A Jog 'a ^_ 5 ^-3 j A3^L-a^]l ^3 ^x-aic. 



((jaajVI JJj-dl) A^Jala 3 j3^j ^jj g SL a jl\ CjIa j3d S jj^-a # 25 ^ jl)J 
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AHoIaII (jh d jj-uall :26 ijll 


2D AlsuSfl A-AjUii jjj-all (Jl^jJ CIiIjaI j S^-^.1 
( jjAiill 1 ) A_ij Jjjiii jjjA-aj <11 

; jjAas SjLil QjfLi (c^U.j^ll) ^cjl^jl — jjAiill ^a jI*jV1 A-ijUj jj^-^jl J jVl 

# C flA^Jl S^J)x^q] 1 A_l^^j]l • 

i _<gj j_)j£JVl ^ la X^l 3 Ua3l Ja^J Uaa. L_flA^Jl ^-uiA • 

.L-flA^Jl Jjj3 ^-IxjoJI JJJ^AJ AjjU^$£)l SjLujVI • 

.A )aq'i (3^ $■ j)*-^H CA u,n (JIaj *A^)UiV 1 • 

# jjA^jl *A^)Uiol (JIaJ (JLaxJjoJ^U 0^)LalVl • 

^l^jJai oAc. aJ ol^Vl (j-a (J^ x*Iill lAA 

(A j'iIiIIj ^jUal 60 30) ^a]j (625 (J _£^) ^-^11 ia j)3a< 2)^ Aj.W^a AAC. — 


# ^kVl ^UaVlj ^UaVl A_j L_l^C.^o ^JC- 
.Aqjq-s a_sIj£j ^jW'n Lcu3 jjAa3 

.UUa.1 (^Jajul*) (_£ jIxjla ^JJC- C. V^l 

j^al! ^ujLoJI 

1 aIsuSM AjU nil jJjj-a!ill SIaI Aia_j Aa. ^JJ 

^jjJall A-ujLuiaJl ^)j-alia_ll 2)-° A\j)Qj>^i^ ^Ic. (J-^i>^ 

# A_iic. JaSLuJl $. j)x>»ll ^Ac. Axila-a _J^ A_ila. (3^ 

jjAi3 djLSI ’’^^pJl” 

^AiA Aj^Auj (Jsl • 
# A_llaa. j!l£l jjAi3 OjLjjl • 

jiaVi uJ^ 

A_a^_a]1 oAA <_$AjJ ^)UaVl ^jUa VI A3j^)a_A]l dIa VI # ^l^jl C5^) ^ (jl V>J jjA^jl S^Lujj 

. jai 

^ala^)l ^Jl A_LkA^jl jjAiill d^Ljj] cJ^s 
t Jalj Jaa. — A_aJvLo Clll^iS ^3 A \t.sih \ a\\ A-AiLoAI Jal£j ^Jl Ciilna^s *A^)LjjVl 

# Cj lULk § 2)-^ >lS ^gJj o^jLujyi ^-ui^j 
# A_>_ aL^Jl Aj^^lj ^3 ^)JaVl CjUjC. 2)_3^H 

iLa ^1 L_J^-ujl-aJl <1 jg xxil ^jUaj (3^^ 





































































































3 D-^VI 


(j-acjl Jail ji — 3 D 4 -jj^j jj-ual) 

O^ix-a^a ^A (_3-a£fcj! <JaJ^k cLq xxi/i 3-a*Jl (JjjJjIaa ^^jssLl j (JjIaIi] ^JvLallj (J^_uiV^ 

dllc-l^fij ^3 La£ oAaC-V^ J fl j^xtoU CjLjjIj^I CIiLq^Ll-g yj X >> " ^\ ju ^\ £^jUj 

.(^1431 Jalij^ AB^kx-a^jl ^3 (f^ z) ^jUa-all 3-o*Jl 

oAiai CllLa^ix-a (J i \ 1 “ Uj ' 1 " 1 ( L — 32 - ^ 33^) CllLa^Ix-a z I^C-Lo ( dlL^.^^!ij S_jj->-^]1 (J!lg ^A 3-0%]! ^JaJ^k 

Sl^LbVI 




*Uc-Lik^a) Jj-aC- AJsjj^ 27 .f-uijJl 


&) TMdget with small coin 



(b) Another test object 

kAiiz. J jiS. 28 

?jUuVI AjJ^J CjULu JjUUa^j I jbsj 

£a .ill -li-Ixll IgJ 3 D 

— Aa-jJal 

■'■' ,__>J-lLij 3^ •'-' ^ ^ laS3 CllLa ^iaxj 2D JJ J ^ a • 

L»<# ija (jc. 3 D jj j ^ a • 

.jUjVI Cjlul^l QA ^JaLaUJ C t Uxi'S.J (jl (_j£aJ ^ X * 1<Q ^xxi-fc)! ( j) - *^lii LS^ 

<_£Aa ]1 ^jjjau S^_^.l iA-u j)x>»H ^-ulaII diVl i A-iaB^)]! c^Vl ^Ac. (JHaj) ^ikVl ^.YqMl ^»Aal]l 

l_jLujj £1 A a)Vi 1 ApaJl c^HaS # j\jljV 1 Ajj^Ij]! <Jjax ]1 CliULn] AiLiSJ J Aiijj ^a CIiIa ^Ixa <_ 5 ^ c - (J ^a-ui 

# dijj^Ia AxJ'$\ A_i£i!ill CliULnll 


(JUjV!) ljLuu£V 1 Jjla 
Ajjj^I Aa]1 A aK Vl 

£ jjJall 11 a ^^llLoiL jjJa (JjjLui^. ^Ail t ^»ja^J 1 ^^Ic. £ JjAa (JJjl^*-jl IAja <^lc. A aJViVI oIa (Ja*J 

l^J Aj^^jljl cIjI^ujIaII l_i 1 c .1 # ^a*J 1 c.^ uai'sj (_ 5 ^ (JUaluiVlj (Jlj-u^yi (SaaII jl) dis^l (j-u^ "iaII 

• A_a]\a ]1 ^^11 

(jIa 15) oAaxj CllliluiA L5 Ac. JacLi • 

.A Ix^^a!! AjjjII ^alg a! (_jAaS\j Uc- ^1^5 tiilllj • 

^(Jl ^^.Vl (jjoi ^.1 ^jIiajILui 1 ) (_j-saali J^ac. ^jl^S IaaYc. cJ ^_3 Ya cj^ ^)x*oaVl ^A^jl a a)Vi 1 • 

A \\ax 11 Ajc.Iu^i 11 AjjjII ^pal^C -1 

A aKVaII f j-uaJl ^jjla 

:A^jJ^\ t jSall 

# ^-ui^]l ^ # ^tll A J'N.jIjIa \ JaLojl tA_la^)jail tdal5 u*Ii) ^jjJall ^ILaj JalLuil • 

# ^-ul^J 1 ^Jajoj -lal-AjVl Clll^Jjjoij Al^Ja-k^jl (JI£joiV 1 ^IVdxaiI • 

^^)lsij]l oAA ^Jl,A»"utul j dj^^la 1 ^ja AjAlII • 

# (JIa*JjoiV 1 (_£-3 Aj j^-uJ 1 — Ajxxij‘i ^gjl S^l • 



/JLaAa ^c_b-aj JaLdjVl 

(J^JjJa IgJ 0.05 cJ 3^) '\)>^ 3^x11 ^^IiajILuj 4 ) ^-U^all (_£*1 a11 CIjLujLul^. 

# CjAAa^J 1 ^ja ^Aaj I 


Moire 3 J^* 

^Jaj-u ttlYlj fi^Jjj-aj ^a-ui^jl ^Utlj l4 jxxlA (J^-k ^JA £jjJa]l IVqxxlj jU AiL^a]! 3^ _>?“ u) 

Aj^1^-q Iij^a JaLojl (Jj£jIli] Ajx-n^a]! A^uVill £a t ^^aII A^Uxili^ I^jaI^IIj Jajj^A 3 ^. \ cilx^ua 

JaLoiVi (J.. 1 ^’ 1 .29 .^-^3(J3 ^■ J -‘ a 3- Q 3A Ia£ t^Ja^xluV^ (_ja Ajj ->J aA £_Ia 3 j 4 _AUaA 3^ \$ <_ 5 -xaaI£JI 

# (J^-4u]l^ 3 a£^J^ 3A 4 _iLi 3 J i, flLx-a^l 



Ajjjj-a Jallui) ^Qaj .29 jl 3 ^ 

.A-iAaI^JI JaL^^M l_iL^.jILujI <^3 3^3 3A*J1 CllVl-^* 3$ lVi \A Ja^vUa 
.Jja^Li ^ 2 ajl jl ^gicJ &3 jL^»a]I ^Ixxi-nVI CllUaJ^-A d±}l£ 1^1 Iaj 3 3J3IUI 3^-aaII 3A 3*1}] • 

j> % 

3jj-a *^^ c ' J i 4 ^ 1 ,xxia 11 3 .1^.1 liL^kJJ (J^Jl • 
^^laI^jlI)- 3 &3JJUJ ^ ,<a '^j (j^ ^ 3 ^aj • 

oja 3^ ^cIjUj^Lia 10 3^ 3^. ^3^33]! ^ 1.1^. Aijs^ll JjaxJI ciiliLij ls^ ^3*^ 3-^3^ 

;3jI3*J1 3 ^* ) 33)0] 1 

> Ljixjdj ^Uxi^. a_JIc. 33 Ja • 

Jji^. a ^ uAi ajJIaIa Ail!i£ — UL^l 32 -a£I] aAAs 3JC. j£ 3^ 3)^ C5^ ^ jJax^Jl • 


^I^cLluj] .(JjAX^I (jxinl'qA ^-Ijjy ^xxi^/jjl £ (JjliALq CljljVq'l dl ^al, W'ixxil (Jlall 


Jlyi (^A cJ -^ 3 

i^ja (j£-xl]l ^lc> o.VnxxiA 


yi 

^3 Clal^)jj 3 tMl A-Lu 1 ^^j A qI"rs.A o^Ljal Jaj^iluJ ^ 3 ^^jl (J-^ ^xxi^l 3 ^^ j jjjxAi 

O.Vnxxl^Ji CIjLa jb-A L_alxx)*\ (j|^ jlaxxlll 4_i^.jJ ^3 (^ 13 ^ J ^.Jaxxlll t _ 5 ^C. ^ Jjjaxxlll 

;^lxJl Aju y j\ 3-*^^ Cl: il_jl_ij ^ Ay\ l-LujUj V ClaljVql'l aAA ^Ic- 

xxi a 11 ^3 ^Uxi^Vi ^ jJaxxi (jA.^x iVi j S^L-saVi (3 ^ SAajxa * 

^a !1 ^.^Jaxxill ^aUxi^Vi l Uxi'S 3 ^ x xl J 33 ^^ ci ^*- 3 • 




\j£±Aj gl 


Ja ^3 , 


4 _i 


kJaj^jl jfcijlj ^ ^l.Vnxxil L_ixj-a]l 

^JaxxiH J£jlll CllLo ^*- 0 ‘‘r^'ji) ^ ^}ax 1 xa 1 33 ^ 


Au^luJj «j‘ <iaJi 3 t Jj 3 ^' 




(j) . xd ^3 d.d. ^ \\ £3l^>43 ^d^l JaldoiVlj (3*1 a 31 ^jjjld] A j Vq'a^ ^)jt.si\\ ^jxxi Vi 

;L_lI3ala liA ^3 A^dL-oll Jaliill (jjUala jjl A_-o_ul^-a] 1 A_iujLuiVi A-IjLul^JI 

_jj)x^nll j)-Q (Jaliill jl daliUJl (JlLa) dal j^-dl (j>i*(j] Vixxil • 

.(jd^j)x.^ill q ± J A_ajl_3aA]l dal jj^ajl Sl^jldJa • 

.^£c.^a ^gjlxxi^ (J£djj ^C- ^alg a\\ oJA • 

.(J jix^l dlSjcJl (j^da (JjaaII Jajl^)d V ^3 ^.jilxxi ^xxi-^a • 

.Jal^jj! j)A <UaXJ-u 1A tdalSL^Jl Jla t^JU^Jl ^jlLul^jl dll jxa d n*s o^jllLo A_diLa]l (JjAxll dlULiJ • 

A ji» jjl (j^-aj & 3 j->-a OS AAIj dal j^^ll jjl£-a ^£.ldaj jl^jl ^3 (j£Lda • 

# ajUcJ frU^y i ^jUjI • 

.dal^liAiLa Ax x>i.a gjSJ j^AC. (J3jl‘3<Q • 

'.'AAi.ti AjlaL^. ^3 ^)^3a TINA. (^.^xxill ^J^j'uxill Ajj^ll ^aUaj ^Ic. (JllLa • 

a3tuxm 11 4j4j<uiViti jjjlall 

;JUb Igjlc. c . aU,‘n iS A-uLuJI A j.a uxiVall dAdSSll J^Laa 

dlVl Ij1£j (jl (j£da (_£.i31 (^ j)x^ill 3-A jl A 3-i 3 a J£d (^^ic.) £ j)*-^l (j-Q (_£j3 ^.^x^-Ia \ ,1g xxi ^11 file Ida] • 

.S^)j-x-a OS dldd. aA j^x^ajl AiLUn^Jl JalSj • 

.(JaI£ 31 XX) ^1] c- J)x>lH ^)Ax-aA ^j-uiAJ ^nj\ (j^AJ (JjAi^Jl -Iajl^)d • 

.Li^i^AJ £jda ^al, W'lxxil • 

.A-ic.1 u«-i dal.3 n 3-i‘i — (l^j ^a^duill) Ig.jlc- ^)3 -iJxxia 11 dilinll ^3 (ji^gj (jl 3 -i 33 (j^AJ (Jlx3 ^xxi^a • 

Aj jjl 

CllLa^ix-O l£jl ^J1 ^)3ai]lj ^LLqIxxI-^I (j-Q ^-il^jjl (J>l»(jj (j^-j L_1 jjojL^J 1 Ajj^)l ^.xxl.Vlg 11 ^ijAill (JIgJ ^ 

^djULnll oiA (J1 a (^kb A j3a^l (jc. CIiIajoj i lljli ^xxi-^ll A xxi.ViA ^Ic- S^xaj oAajjla oiA j Aj^)x^-iji\1 A 1\j ^Jax^Jl 

# Ljaji ^3-ixxi\i ^i£xjyi (j^jix^-i^k ^i±ic.y ^s jpj Aj^x^-ijiii ciiLAalII (j>i» jl A_ji 

^.l£ill A 3-i 'll ^jjJal^A jl Aj J 53 U 6^)j^)jJa3lj i^^Qdj ^3 (^Jl ^gjaUJ^)31 (JjIaiII dll 3-i3-i'^.xi (j> i» jl 

Claims u' xi 11 Jllall .^— 3 33^ (jy^Ml CA.UU<a) aUxIaII ^c. 1 a3-ix^iV 1 ^.l£i3l A ^3-1 'll (j>i» ji i3-ix^iV 1 

J^jll ^gic. IJI^ll ^a^yi jjilAi ^)3ajl^ IS^y Ajj^)ll ^3 A 4 J Jl 3-1*1 (jxi3\.Vux)j tlUxxi "ix'^ld ^aJ ^^^Ij Ajhq'll 

; ^ 3 D) ^**»>^l ^ qIx^-ij! (j> i» 3 • 

o 

# Aj 31^)C. jjJ-ill Axxi.Vag 11 o 

^lj|jl tjjjsi]! t(j^i*Si3ll jLoja.1 - ;til 3 i ^Ic. Jllo j) A_Lal_k dal jxo o 

# jjAAill l 3 x ^1 j31 xxVal xxi ^11 j)-Q die. j!ijj ^ j n3all (JjVj) Aj^jILo dal jxo • 

.JV1 ^JOJ ^iJlj (CAD) O^C.LuLAJ ^iAx-allllj Aivlc. • 

aj^LJI jLVl c iLd 

# AajIS ^ ^a-o|3l J LdliUJl (jjjdj • 

.Polyhedral 0 ^ • 

# L_fllj^Jl ^^ic. Adda A 3 A.3ixi • 

.(31 .^ajaj^)]l) 'Q\ -k'i x xi <q dlvLlLajj (30 .^ 331 ) (_>a ^^Jl c_ 3 ^ 3 -dd<i • 

.diLa ^a-ui^Jl j)-a A j\ x^-i aJLuia V Adi i. a Uxi.a (j£Lxda • 
.(Jdasi A .alx^ijl ^iL^jJl • 






(jAalc. lwi jliaJ 30 



Afr ^J jaj 

.(CSG) ^ jjt.xxi's.ll 4 xti.Vig 1 \j £_uj!j ls^" • 

# # -laj^)L^-^]l j daljljJ^xAiy i j a IjJ^'uxi.qII (JiLa (JI£joiV1 • 

4X. £-4 ( A-4_2k • 

.(32 .^101^)11) JIq • 



^jla£)) <Pj-4A-aJ 1 32 Jl3l 


^3 <4Ufejj ^AjLoLgJI (jj\».xxl^\l <Lc. CllLc 


•^jj)\^»' ixxl^ll ^j^Lt_IOL^jl 


ji \a — jl^jj o 

J (. ^aW^ — ^Jalii 0 









SinSs 






1 %J! JjIoj 

<C. 41 ^ j j-aj i^ja La. jjJa j ^)!i£l :J /' A ' IgJ .laJl _} y ^ LL<yJl • 

aj-aaJl 1 L& ^X 3 j ClliLa j a y^. j yju (J LLg I a£L ' J o.Vq* ^ CllULu L-LlSl jLl ^JiLLa p-uiail • 

/^j ^\ 1 ^ i '^-i9 \ \ ^ 1 — i\ 4 ^Qiv ^\ ^ 

} e 

xxn o^) 3 jlLa ^ ^jC- CliLa jlx^jl <jl n*s. Ajj^)H 3 * .nJa (Jj : ’i^'i <jl j.Ijj • 

;<jj£ ja. J] ^a-u^ (jl (j^AJ ^a-ui^Jl L Q x ^i j • 

Aj 3 I^)C. j)l]all A xti.Vlg 11 

# djliLn]l c t n^jj ^3 A Jaxxii^j ^aA^jlj dilslq^jlj o ^a .^3 iaj^ 3> x *0 — 

CllliUJl ^ja 3 ^ £ 3 ^a_$ Jaj) u^IxqII xxi 11 < Lx-aJ -- 

# (y ? Z 6 x) ^ ^IjM-ialj ^JaatJa je Ia£ c-Ljaall ^3 I^jlS^a Jail 3 ^jjAj 3 

/aj'q'uxi/a JajJ-vN ^3 ClAsL^ 

^ 1 £joi ( 3 ax!LaJ jl A ^kJax 3 Lx-a j <3 ^jia*JJ 33 a ^La.^Jl 



cjliUj 34 


AjJjU 4 jjC- (J^jl 

cAA tAjj^)ll ^jial^)C.V ^x.>o ^ j^Aj 3 ^*-^) Aic. fVll C* nl^ 

Clil^f-a j 4_iai . ja^II L& ^ j'jP 

J C^ajaiaJl 4 _ia.jJj £ 3 ^a] ^)xa)liA ^)J.^j 

• <-£ O'? £^xiaJI J 4 ±i 


ia^i) ^ Q^j) L-LjXJ 


oJ.W^H Jaliill cAjjJalj^)]! <Jjoii]l ^Ja*j # ^j-x-a]l L-llc-V A^x-uLuj^i A j Wl^H j <aj£Luia] 1 JajJa^H ^Ja3 

3j 13 Ja3l L_flJ^)*j /o^j-x-all 3^) tS^jx^ill ^^3 J ^xxi^kll ^Jada-a^ *^J*^ (3^ 



A-iaU-Vill A jxxi.Vig 11 ^Ixxi'nVI Uu^V AWu<i .jlsuVt AjjUj S^jjj-a Aju^\ AjU'iq]^ Ja j)3a\Jl ^^j±n LoAic- 

AjjJa^)ill o.3A C‘ 1 Vi .A ^jVuxixoll ClilsL^JL <Llal_^a Aj jJ-uia c>y^.j aJ ^jll ^xxi^dl . ^/ 13t J xxi^jl ^3 (l_1*£-o]1) 

•dilil^Jl AJ^k^jj 
j ib j ^. j CliiaJj CliliL^Jl (^\ • 

.a j\\ (Jjj CjIS^IsJI (j>>» \ ^InuxiV • 

.35 ls- 3 jAUallJaaJI ^ j 



t Jj^l QA 3 J 2 ‘ 1 ^®A J tOjJ ij^li 


: <_s jii u' i> 

3 djliUJl ClllaJ^ • 

J V ( 3 ^^ liJ'V ^ ^Ui£-dl J ^ic.) ^^CiLl 6 J 5 6 4 0 ^\jj> • 

.(csj 

• fiJa^k^La 

tl^-Lo c. t nl^k (J^ Jc. .l^.lj — JaJjJalL (jjg >lg 1 Jaiijj jIxjVI A_iiv\j Ail_^. ( 3 ^ • 

. 1^.1 j! .(36 (J^ <j^ AJU. La£) SlJax 4 ]l A_g_^.j (_£^£ (j a a^A (j-Q (J^ UU ^.1 

A_^^Jll j! AjqWll tjj^lc-yi Ail^J ^)VV 1 l_uL^J 1 ^Ac. .<jpte) <sU. Ail^JI fiAA ^jli — 

J| La£ Sjjx^ll ^3 AiU. ( 3 ^ <■ Q i'u.^Vi (j^ ^^A Ja^Jl i^_flj^)*j A_aj^)la S^C-ls (j! ^A J^x-Vil^ 


‘(concave) * jii* AiU • 
‘(convex) a^^ a^ • 
.(occluding) epic) Ai^ • 

.42 j» <*i A 's.x^i^q jj (3^ ciilsL^. ^Ac. aJLgI 




JuJI ^ i iiUKt l g) jjI 36 

djl.j'il^^y 1 I AA .( 3 ^ 14 -^ l£A? A- 4^- 3 ^*l^>y 1 -la j) 3 ^vn.\ A_Lu^-a ]1 Clal^jxxiqMl ^_jJa*J Ja ^3 ClAsL^Jl ^ Vi 1 l^ n*\ 

i^^yi AiU. I jj .AiU> ( 3 S c ■ij u^i'il 




4j 3 HI .\iKMI (JLaxJjjj) 4j 3 Ail-^Jl i t nl~N ^-uill 4_i^. jJ ^3o»j # ^-uij AWa 

# ^_ui]l ftLskjl ^ja ^,'iajII 4 g ~01 ^ic. Ynx^j ^j^aII 

/ +' 4a!/IaJ <J.W^]1 dllslq^jl (JjIaj J)^'^ 

# f -' AavIaJ S^xjLgj! ClAsL^jl 

_ ’4]aIL^-a]1 aajj^M t— iij^lxii]l a^J l^J o^)j->-a]l Ail_^. (3^ 


CjUJajili 

# oAiibtJj ^a-ui^Jl jlil^ 1 (J^Wn (_£,H 1 j ClAjjJa^l) JaXiai^jjl J (J^Iuj 

4 jj^) £ 3 ^a C t ^ UaiJI o^)j->-a]l ^3 LitJa^C- (jIaa^. A^.jjV — ^ 1%]1 ^ 3 ^^jl ^3 ^aHI • 

Jjixj 0 L5^) ^ — 4_illri]l ^3 4_i^.^)\_^Jl ClAsL^Jl • 

# Aa 3 ^3 l^i ^a’iVi oAi^. j \\ CliliUJl tiilj ^j-al_k (J^ x*Inj (A j.WaII AaAxHI ^ja ^La^VI • 

Lf ^ 1 £'>*' 

.37 .^jmjll l^aS <_s-^! J! isjjtioi Jt 31 I ciiUajLo 3 ^ 3^ Jj^ 3 ^ 3 - a '^ 3 ' c y* 




Y-junctioa 


Arrow-junction 


L-jvjiction 


T-jimc(ion 


£ljjS 37 


■»'•>'' 3 ^^ -^ a L 3 p> ^jSSIaII ^ • 

.i_$j^- y $\ jjl ^ tlilala. 3 j!)Ij ^‘i->.j • 

lS0°3 rfG .j-*^ ji (J^ a_j jl 3 3^j ejliLaJI 3 jjoi Y^giuLa j -3' ^3iLa ^jjj 3^3°^ • 

T 3 ^)^ ^ a 3 ^ *IaJ 3 ^°-J Y J ‘ 3 ' 3^ ^a-u 3 llil <UL^. • 

u^xliil 33 ^tuloil ^ i*q! 3jll l.i-vVI ^)3j 3* 3-^3 3 '^ ‘ " ' ' ^3131 oiA 3lxu Lo ^Ijjc.1 

.38 ls* 13 k .^.q.iq'k .'ig 3 lo jjj^ jg Jaj 3I 3 ^ 3 j i_s^IsJI ^ ciiliLa4J 




\y 'Y 

sh 


T T T 7 




^3 La£ ^3 d ),wll ^Ja (_£ C_flJ^)xIl]l ^j-a ^jdia iH ^dl^/all L_flJ^)*Il]l ^1^11 JAlII (_j-a (Jsll^ o 

.39 



»JJ"e3' iajkaJl 39 .f— Jl 


(Jjlxj ^ * xi > LaJ^) jl (JjlxJ ^**i> LaAic. Ja^S d X C5^ ^ (3»>J J (_j£jd A^.lj ^UHujJ 

# 4_u^j ^J-Q 


Sj>^)! (ui^aj) uLj*j 


aAA # # # ^)jl j^ll tdalM^H ;(J1 a AlC-l ^aLui^V ^JaJ-uiJ ^)j-alix£ 4 J Wi.all j ^gjaLula]! iajJa^ll ^)l±ic.J (j£-aJ 

.A-IujAa^JIj A-j3i^)C. j) tA_liajlji]l ;(J^x*Iili i^_ya. jL-^ak o^C-LuiaJ Igij jjU J l.g Ijl Vlj lg**VN.lla a <j£-a-a Jl£j^Vl J 

4Ja3 (3^ (_5^ .Lill A}^)jj m o^)j->-a Uajc. <jl <_jia^)jgj] 

Ux\j]l ^)J» x^q] 1 A^.lj — UiJjUll! (_J-a (j^Sj (jl l t TN.J L_flJ^)*Il]l • 

^ 3Loi 4_ILa. ^3 (JsV^ (_ 5 ^ (3^ i 3 J^)xj] 1 lAAjc. (jl <. % v^j L5^ J t^jl'nlg j l^J Ja^. 4_*Ja3 (3^ • 

d .a)Vn.all ^Ixxi'nVI 


d (j^M 1 VVqj^la ^Jaij AJ o^jjj-all ^3 4_i^.^)l_kJl Ja j)Jadll 

t^ia-x-a L5^ 

<aj^)Jaj djljqil.aH ^Jj AjIsL^ ^ic. ^.d^dJ 

# J^jLoj jln^y l^jaJ $/1jAj (3 J J d ^>J tU^-a^a L>*^ li] 


lL Iau 




V_ — \ 


4 jA.1 £ j^-x£jl C* inj ci*-^ ~^.^y U^ IU 4 .1^1 j ^j-Nx^n jjxxiq’i (jA j!i£l .l^jJ ^a A_il Ja_^/j 

# <Lal£il Sjj-x-al] .1^.1 j dull L_flJj*j jIaj] ^*J ^_fl3j^jl j)A 7-^J 
L-d \ l (_aj jxlil A^ jIidA (j < ^ W< A 3 j j& • ^jg^ uij 

jLull L-LjXJ 

(jA .lpx]l ^3 (.** Ia.VnuJ (J ^ XX) 11 .L_JjjujI^J 1 Ajjj dlVL^^a j}A «lJ«l*J! ^^3 ^a, W'uxl'l (jl (j£jcU (J^ XX) 11 ^-flJjXJ dAji+ 

^jUaII V jl 4 Qx«Vuxi ^px_j # A_uVI A.jJlA^Ul CU^^Laa]! (Ja. ^JJ L-^ajx^VS 4 I-QJAC. L-AxxlN.il j>A (_£jA.Vl dlVL^.^11 

.Agl^A^]! dilsxld ^jjjaljj tiila Jldll lJujxj (jjJa $.ljj AjjaLaVI 

(jAjJa # CljL<a!>btJl Ax jana j ^xxin ^11 Jjxj ^iJI d il jja]I Ax jana ^A (J^ xxill L_flJj*j Aajjla] AujaLaVI jx*+,ia II (jj 
o jja (JSLl AxJaja aIaxIuiaII lJujxj]! dUaJadA 4*dlx ^ jJaxxij dlala. j Jalii ^A Sjlx dl jja]I cIa 4Ajjj 1I (jLiui 
4 m aII Aa!/IxII ch 4 j iI^aV i jjA Vi ^laxj ^j]l Ax janaII ^3 Aa31x (3^ (jL^aLaau djVU'Ki jl (j! jj! 

# 6 JJaII A\\\ A ^^x/1 

daVlA^y I ^jl jlixA^JI ^_a 4(_£jlj^j]l Jj^jIU cIjVIa'^VI ^(Jlaj jl^ .lu jj] (3-a*dd a jIIa'i^V I jJaill 

(J^ (_gil V (jaj tl^Aj 4&jjjda]\j LUjllj JAx>l') V (J^ XX) II dAjjdljlJ .SjjI.NaII dl JJaIIj (.** iknjj 

^3 (jVI L_ fljjxjll (££ jlaj Lie. J /o jja (3^ *^lj jLua.1 LA-Ix jj^j x xi A-a^lc. (^L^J 

UcO # Ji^VI 

•n -I . - (°i i ** * i °n} „ 

^xxl-N < 3 ’_J^-° n (j-° Ax. J)A^A (_) • 

# C1jI jxil] A Ia'i^a CIjIa^Lc. j]f^ jjA Ax ja\a ^ L • 

. > > ffc . f , ^i(^fe) 

^-xxxl-^ll 6 3^^ A ^kj^x^lll Aa!>Ix]I ^A AavIaJI (jlj (J^'^VI U-3"^ 

•tii]j (jjlWl (jl (j^AJ Aj^lxll I 4 - J ^M -3 ^ J 

. , - . . , ., p i(^fc) = 0 0< p i(^)<i 

a j^All A Ij Vi xxi a A-ovlxll (jl ^Jl l j a x C* (3^^]La!L^I (3^ • 


p<(f fc ) = 1 ^ 0 , 

:£ 12 L L_flj^)*Ii]l 11 a (jl (^Jl 1 'iax>> ^iAjj 

• j (J^j c . v& i ^a (j^-j I^A # A_IaLxAJ fi^l^JkllA djlA^yLxll AX JA~\A • 

£fltt) = i- 


.C1jU!>UJI Ax ja^a (jA oA^lj Aa2>Ixj Jax-iallj ?tj^x^> (J^xxi^ L_L-ajJ I^A J 

* * ji ^ ^ ^ j» ■? , 

A-1ujLujVI A_lAj^)I^Ail l -^ A-^^Lc. CAVIa^VI A Ag A (__^Aj t^gJaLix j LaJ^J 4< SAj^ A Ag A ) ^_flj^)xj]l A_AaC. I^JJ 

L_flJ^)3tj]l Aij^la (^1^- o_j^)^1ia A_Aax1I oIa . J£jA1I Q^ x 3 Lifla Ax ja\a CIiVLaH^VI oIa (J 

.JIa'KVI ^a (jA a / ala'AH dilx ja-n.aH (j x 1^. (JJa Aj| jl c.“ i.kj V LoAic. ^ 11a # jilul jl 

i^_fljjxj]l A_ia jjl j^. ^ Aa^IxII ^VIaInVI (jaljJ (Jxjola jjiix i 

. , ,f fc „ , . ' ' ' 7 

dllaC.! Aa^Ix l^J o 1 ojx^JI (jl ^lajjai]l ^ CIiIa^LxII jjx JaLujI jA (jSljIiH (jl 

Cij(M0=JW0 7 . h. t r O ' , ' 

• j^,| ^,ja a i j ( Aa2>Ix l^J J ojJa]! tiiL 


/ojjI-naII djIjjAll CljlA^^jtJI CjVIa"inI jlixU C1 iIa!^jl]I C1jV1a"inI C‘ n, W"i d^A j 
Aill^JI o jia^ll I.Wa (JI.a^nI (jc. >>" ^Nj j)VI (j^-ij 4 $ iCljl jJ^All (j>a» \ ^Jl ClaVlA^NV I (3^ Liilj (jiajjij LxJ 

.1+5 



6 -P;( 7 fc) = ujjj 
jeiv 


Li eL 


AiL^laJ ^(jl^i^Jl £-VjA L_flJ^)*j (jjj iS^ (JaIi^JI *J J 4-1 SjjL ^.^11 dll jjAll Ac. ja'Na ^A TV (jl d 


J2 w *j = L 

JGJV 


: u' 


-Pi(ffc) 

(Jl-AxiLkiij 5 l)j^ 1 cj-° ^^1 Cy * y (jl (j^da 1+ S ^3 aavIaII (JlA’i^Vl 

,U) Ei^('i)[i + «Pi('i)] 

AjjL^^VI jLdJl jjjla 

Ajj^ ^3 Jjld ^ (J£Lola ]1 (jA ^-^ill I AA JlA # (J^LxAaII ^3 A jVi A V 1 (jd^lj Lx-a j)x«aA d lA.^l V’lxxll (J^ XX) 11 (j^)Ja 

# l_ijjojL^J 1 Ajj^) gjla cl) -0 ‘-** J^'l gj^ l^ij 

;^3 d I a.^i Vdl J^x-Iill g^la 

AiLaJl LLujJ 

^axIxaa A gViA^ll daLc jlxJl ^\\ AiUJl -Lalij^)!, no.1 1 oAW^jl A m a \\ datsL^Jl £iLa Ail^Jl Jal£j ClaVlAi^l — 

.AiU. A lod (J£j Aaj vIaII Aa jbtil (J-ft*lL-uJ (J^ xxi 11 ^Jj^. j tAiU. (J£j 

ia4]l l-Ljxj ljLuSj 

# (J£joi] 1 A x*xl A J (jl (j^AJ 

.(c. lk<a jl ^)iilA cgjldl^ A 3 UJI j)A .li^l 4 Qix/i ^11 ^.L<ujii] A-ajll^Jl Ja j)aA • 

. A_]jg xxi ji l. <al,x^>'ilj l_sj^jxj jj (3^ (j-aj-aVa (ji (j£da ClaVl.Ai^l • 

t JaVl CliUalLo ^3 (JjLiLo xxi j gal jIa Aal^Jl L_flJ^)*j dale. ja^a (_jia*J Jaiia • 

.A m ^11 daLa^lx!! A-ilajd]! ClaVlAi^V 1 (jjA Vi Aac. jA±a (jl (jdd ^jdll oAA • 

: bLB (jjiliVa (jdj^jaJ (jl (j£da 

Am a iaj_jd (j-dda A^LolIa]! Jal^ill l.g ~ia (J£ jp Vi A_iC-^)3 dalc.^A^»A ^3 AdLiaJl Jal^j ^\ a Vi AjIaC. • 

region^ .... region^ ^ ^ ^ ^ 

^6 jjAA^ A3 ^)*_a Adat-nia ClaliLi^ ^J1 Ig ‘iIaVi! c.^ Uxi^s o^)j-x-a]l ^A_iC.^)i]l dale. ja-^aII^ gJallA L_flj^)*j AjIaC. • 

.^1. . .(3^-J^lj ^)1 >xxiV1j L t UxlC^Jl J C-Iaj^I ; JIa 

e<L>-^^' (l^ 

•^Jl A, y\:\^ } — Ajj^ll A a 3V il j)A jf&W ^jl^ill l 11 jii a'iII a1^.^)a 
,1a jjjai jI^aII ^Ixxi-nVI j ^.LidVl ^-3 • 

i & Lid' VI i iVij Aa^jaj d^)^a3 • 

t<adL4]l ^lui^Vl (^ J ^ a JJ Jaliill • 

^Ixxi^Vl (j«a^°i j (j^ * i • 

# (_^^)d'Vl ^lg a! 1 (jA Aa^*Jl Ajjllil • 

djl jilll 

tA^jUa^l ^jjjIxa ^A-dij 4 dal jj^ll J/ia-iI ^a^aklj AjJ^c. A-^ 3 ^) A Jajxxiji i^_fll_x-ajl (^axJjoij jjl (j^-d (j^j 

;^Lui^.Vl ^5^ Ldjdill 
^Aj^IaaII (jA AJaJjaiJ (Jjl.xxiCj) 1 (jj^j jj • 

>( ^ 3 jaII j Aa^^jII daLo jlx^-a 1^^^ jj (jl (j^A i • 


IaJ j}A j 



ClAq n)-a‘lll 1.1^. J-a J x a) 1 • 

.^jLUa-a]! 3^ S.l^j3 (JjLujj V • 

• CjOs aaja ^jjiL-a ^ij ^xxiVi ^3 A_ijIx^^V 1 ji AjJ. 1 a]I L q! x*o jVI aAA (J!lg 
.^tll. # # A3l_^jl tA_alaiA]l ;Ajxxi.ViA c. qIx^ jl • 

Elllcr) j JaJ^)ll |A_i^^l^j^la t flLx-a^l • 

AjU'nll ^)j)x^ili J^Liuj L y*-^ ^jlx^i^klj ItA Qx*o j a^jjj (_£ ^kVl .A ^x>> 1 j ^jIjla IgJ o3lc-l (jxml.q^l 3 ^ (J^ x 

.jUuVi 

<JOaV! 

^gij AaIaLg]! ^^Jaxj ^JlJ^ ji ^.x^n^Vl (J^lall A_ixxij o^A # 3^3*^ 3^ jl C^* 1 ^ ULi^.1 — 

. JJs 3 ^ l-^ cjjl.]^*\l]l A_i^.\j 3 -° Iaa 3 ^ 3^^ 3 ^ . 3 J_^il C 5 "^^ cJ_^all 

JaLuall 

.A^iaII 6 ^-Ixjj^ J! AiUJl £J^)a A_xujj aJA — 

^ je 

(Jj3 3 -0 a-93*Jg A_ilai^] ajJ£ja !1 a Ix^ViaII ijth ^ 3 ^ — 


•A^iaII (Jsj 


m v = 5^(®- *)’(y- y) j (!) 

(s,y) , .> . , 

j A qlViAll t^jAt.s -1 Si jp^aII ,y) -laliill lA ^^>11 *»" \}^ 

x = ^J2 x 311(1 y=^I] y - 


.AT^IViaI (JaULg ^A c A 4 }-a *1 a \ \ ^3 ol j'^aII Jaliiil 3 ^^ Alxll fcfl ( 3 ^ aJtl^vIa 
^ j-ulA^jlj £ 3 ^aII ^_^3 dal jjjxjJl ^ij A_ixxii]\j Aijlii 3 j£j ^ 3 *^ ^j 3 c> l)^ ^ 1 3^ 3^ 

i iLlj c." Uxljl S«lp^]| ?jjxl\ oAA 31 3 a ^C-^)llj (Jxl^l.Vuxl Clljljj) A^IViaIIj 31 !Lg^ ^xx 1 ~n 1 A_i^.j£jlj 

^A £Jjolll ^j3*^ < (_5^)J))^'ia 11 JalLuiVl 

M x = m^u 4 m ul! 

Mt = (mau - niua) 1 * + 4™^ 

Mj — (mju — 3m!*) 1 * + (3mai - miu)* 

M 4 = (mju + mi*)"' + (m^i 4 muj) 1 * 

M b = (mju - 3miif)(mj U + mia) [(r?tjo + mu) 1 * - 3(m a i 4 muj)^] 

4 (3rrc ai — ^[)j)(m ai 4 ^uj) [3( m J0 + ^la)^ — ( m ai + ^uj) 1 *] 

Ms = (mau 4 ™ U2 ) [(mj U 4 niia) 2 - 3(m a i 4 niuj) 2 ] 

4 4mn(mj[) 4 mi 2 )(rn[,a 4 r«ai) 

M 7 = (3m a i - ^tu)(mia 4 n^o) [( m ^o + m^ a ~ 3(m 2 i 4 rnoa) 1 *] 

-(mju - 3m ia )(m 12 4 moa) [3(m J0 4 mia) 2 - (»^ai + ™[)j) a ] 

, _ (2) 

til ^i^vu*)1j ix>>ji aj V 31 3^^ 3^ 

mao 4 mua 4 - raua)* + 4m n 

mau 4 mu* - \/(m 2 u - muap 4 4m^ 


eccentricity — 



(jJLa $ £0 ^ A ^ 3-a *1 >a \ dldl-ld ^»Uaj 4_fl^)Va Jill JaliJl ^jjx^gll (jA Ix^ijl Ajxxij J ^)jba»A .id (jl (j£d (jd 

_J Sl3a« A 


8 = - tan 1 

2 


2m 


li 


m^u — m u * 


(4) 


9 ^j'j (J^*j (j?^\ Jaj) 3-1^11 ^jj (j) . all ) (jc* 00° j)lil-\ 3 * } (jldJl 0 -3 (jjiLoja ^Jc. uxi (jd 

La SliLa»AJ La^aC- i gJaxWa ^ill Ajxxda Jl jjUdl ^ j j Allad]! Jla ^)J*_a (_£l]l Jajxxill X ^)^^-<iJLj 

t A gWaAll (_jJa^)C.^ JJa ^.xxi. W x'xi ) A_iA_d 

JajjJt 

.Adad]! ^Jd ^Jll S^jJaII dal JaJI jic. — 

Euler Jm jjc - 

(JaLiAJl Ac. ja-^a! J^j . (dal Vigil Jlc. - ^ =^ A gladl! til la ^3 dal Vigil Jlc. (j-a3lj id j tSld j AjLlaj J — 
t (dal Vigil lie — (JalloH llC.= J ^j llc^ dal Vjgll lie (_ < j-a3lj (JalLa]! llx£ (.* axxi'ya (jl (j£d A 3-a ya^^dll 
Jia. t ^jj)x^ill <Jc. 4_fl^)d]l J ^VaVixxiVl Aj1a» ji ^ Vail ^3 Slebdqlj S1 j3a j)Jd 13 Adlx^^V 1 ^ngg liLaJl alA L_iicl 

jnAall j ^■I'aVixxiVl j jj^g’all ^Jxa j idJi (JaaJ (j^sl£ ^JC. J^ag’aA (Jdd Ijld (j]j 
Joj L-a jx/r\ tA Ix^ig^ll ^gji^jl dal a \u 1 JLa j j)A A jx/ijc ^tlalj^ l_ alxxidl 1.1a. A x^jAj dal^l^^Vl olA jLa. A_al <J c. 
(jl (j£d ^aA t(_£^a.Vl (JjJ^a L&d Ac Jadl! dal JaII £a Jald^VLj dale-l^d^l alA (JLaVLojI Ale tdldj t A gliu 
iI^aJI ^xxi-nII dal JaJIj }JjA-a]l jjjj d^ljlJa J C' a*s.all (jLa-o (Jiidda Jja'iII j L-fl^)da (Jl dalj'ag'a (jjxxi Val IjIcLaj 

# Aj1c. id^)dll 
AdliJl dlf 1 jdtf 1 

(Jjjjoj ^ 1 c 4 _jjc. daj V *lj^yi A-<^ (jlj (J cf-^l tAdlla dal^l^^l ^A l.gjilxxi da^)A (_^^31 AdL-a^Vl (J^IaaII ^ja o^c 
^.j W ax xi a V Idjl >>" aj*\ SAl^. A^^j-ald. ^dalj (J^-d aAA # l^_uj\dA jl lg g Iaj^ jl to^)jj-a]l ^3 aIWIaII ^(JIIaII 

AdJaiA l a \\) ;Ajl3^aj ^jjC aj ^jJal^ll ^ja AsWIa (Jala 1 a \\) il^A j # a 1 jIaa ]1 ^)3ai]l dal^_a.j ^ja Vaj^ (jlA-Aa 

o^lcl L_fl^)C IaS i ^xxi^kll ^ij ^jjj-x-alill aJI l_j^3 4 Jlloll (j-uljgAllj dajliiala Agladll l a nji # Ad\j 

,AjLy jlill j ^3 jaII Jl AildaVl^ p-uldAlU Jxd Iaj 3 dlAj 
ujj&\ AdaUll dUlj^Vl 

tilj^da j (jljj*^ (3 '*‘U J^l-i 1-aA Jajujjl^Jl ^jjjJajl j G3.USSi3.Il — ^.^Wxull ^j-ujAill idL-ajl • 

JalAil jjx^gll ^a_jc • 

# tila^)aLi]lj (jljj^llj xAill j jja^ill) ^jaIAaII ^jjjau a JVLa Iaj 3 dulla jA 
# tila^)idi]l j jljjAll j (Jaa x^i'all j jja^jll^ ^jaIj^aII ^jjjau a JVLa Laj 3 tldajl Adlla Aj J_>a YJl • 
(dj-al j L-alxxi's.l jjjjJ (Jj^Va (Jadd ^jl (Jd AjxdlU dulla ( FoUVicV ) da!d^Va • 

# Aj^. J llj £3 ^Jl^ (jl»'ij \-aj3 dul!a j±Uj ^ill ^xxi J] jjjjJ 

AA3' jo** 

xxi^Jl ^3 ^3 Jl JIaJI JaA^Jl (jc. (.** a\n ^jl ^^xxi^n jl^ ^uia li] L glxxVa^ J A^lj Jaja 

Jl^jl Adlla^ 

(_£ jIuia ^Jc- duil Jlill A gjilW^ /o^)jaa^]1 ^3 o^yyjA Aj^LaII JaLdVl Ji3 Jill daVl-dl ^3 A Jajxxiji C t all.gll AdUa^ 

# ^JcV 1 (_^^Jaaa]1 ^ 5 -lc. Lxdjl_j A_xaLxa 31 A Jag a 
Adldll A IiQ'i l ^ 'l l g 4 Q 4 li 1 
I^jIja 4- dJliA .(j^gVaAll ^ jJaaa] 1 dali A_xaLxaJ 1 A Jag 'a L_iJl3 AaJ llA 

Ad£Jl Jl jSII 

# dla^)Va jl (jl_jj^ dul!a dlliA ^jajJ ^AldJ^Jl o^jA-^jili] ^•^•s.ll (jAd L-iJl^Jl (jl .A-Ja j)U>ia A gjilJa^ L_aJJaA liA — 

Ajj jjl JljSll 

A J-ij^ll ^dl c_ a->j jajaa Idajl Iaj J Ad jjl d^jUa ^aJl J Juaa SJAxIaJI d^jUa ^aJl # Ajiid (jj*^J L_l]l4Jl liA — 
t J-^a'iII da jLjla ^Va J3 jadill daldJaliA # £ all.gll Jl aJj^ xxij (jUaj (jl (j^-d p all.gll — AJldl oiA ^3 



4 / 3<2£ (jl A 3^- 3 - G J L_lll^]l 3) ia-oill ^xxi'qj Ua — 

aAA ^3 (Jsl £g 3 ^ dlLAlaliA - 4 

L_flj^)*_A ^xxi-^1 Ai^l 1 4-Lu^.^jl Cjli! J^y \ j A-i^. jlill 4 jl^lxaVi ^cA*- 3 Q\ L_lll 3^ aAA — 

^a!i (Jj^xlij ^alxjll^ (J-al A*Jj 4-IiLa ^ A_IlL . (J-ol^C. (J^ xxijl 3-^ ^aj Vjl *>. Ixxil^ 

.4 L'K-ajl CljULUa-oIl £l^jyi (_5^ A j ijixoll ^Ia^I 


<_£ jIulaII a31a!) L_lll^jl AiLUa^a 

^A il L^)^* ill J 3_JJ*^ 1 <jj-oj]\j ^nJalii] Ia^. 4 )a j xxnj lA^ji 3 ° ^aC.^)]lj ^A A-xjUdll A JaVn AaIxIa]! 4 Kxxi^jl 

33^ jj^ A } *■ ^ \c- (JllLa^ t ^L>Jaj)x^il\j A nl^aj 4 £JAa!Lq CIjI^j^Auj t^ag \W 3 ° ^jldli ^j)x^o]i L-iajl .A Y\ x xi a 

?A}11 ia^JuLs j-^^1 A -^lla a ^jlLui^jl 

J (j^-^ 3^ a ^ A ^ ,^aL<uAyi 3^^° <3) l** l^xxi3 ^lill c. ^btJl (_£3 3 - uLA ^ L_l]^3 A_ajLla-0 3-^)^ cJ*- 3 -^ 

4 3 43 ° 3^ ,f — Vx^iji ciu^ll j j5a)l 4Ail!i£il jn»~i aj-ujj 4 Ailii^jl Jaxxijia ^a ^Uxi^ll 11 ; a^U 3 * c. qx.^3 3 

# M ^JJJ ASLul-Q fc 3j^ 

4iLUaA]l ."nq'nl CIj^/LiLoj j ^lljj AC- lj3 liA l" W'ixxij # 3^- La ^ (jJJ djts^lxll ^3 A3 jj-a^O <*3^3^ 

.(^LkjVI (_5^ Cr A_m-G ClaljVq^ Ix-^-ijl AjUx^i^kl 33 s ‘-^-^AklLuil 


Hough ^^j^ 3 

^ I j^V i^ax . luij U^.i jji ij Hough AajUa^ll Aaj^jJa jnd i 3 Hough ^- 3 ^ 3 J^ 3 

i^_flj-aJj A^J- 1 ^ A-3l-^i Jal^j ^ ^'n.j £ji (.** n*\ A3Lq^]l Jajl^j oj$l \'\C-\ AiL^Jl aAA ^_^3 3° (.>“3^^ 

, 1 a 

^3 ^AJjLgILg _j^ ^33) cA^ j 3 <q *‘ 3l ^ 3 u lA - ^ Hough L — 3 -^3^ 3 3 ^ a^^ ls^ 

.lihjfiLill J L5^) A-ixoiillj cSjjIj Hough c — 3 '^ -3^ u' ^^yl) . 3Uai 3 - 3 - g 3 ^ o-^A 

3n^ ^^Ic. 4 Ail^jl 3I a^. 1 ^al.^VuxiU — l^il ja. ciiixjjj^J 3^^ 6j_^-a 3b SjIc. Hough J! 

^ (x',y') lj) A_AjajjoLA]l Ja l _jC. Llilj 1 _jJa^)jij Uc-J 

JSiill l^J A Uajl lilii jjxj ^^ill 

y ' = Hi®' + e ( 5 ) 


.40 .^juijJI AAUi ,cj cjjliiiJ 
y 

m S + c 



4 Jalj JiLk Jai. 40 .f^ 

c4 ^ jjl Ljaji Ajjlx-41 oi^ A_J^ 

c = —x'm -f- t/ ( 6) 



l^d HI Ad q dLiild) jjL^a ^^Ac. ^j'q’uxiA -LxL Iaa .dljdid C J 111 J ‘Cdl jli I jj j^ 3 f y j ? X j)Vl jf^*- 3 J* 

(m ,c ) Aa^Al C5 Ac. -Lliill (_^a^. 1 (JjliL ('x' ,y ) ^AVq'Al Jjd i < i\\-^.a .LxL A .41 jJt ^ (j^ajjc- ^ j a 


.(_£ J UaIaII 





CJ 111 CjLjjlXxb lax 41 




.JaaJI Ofj L 5 ^ U™J (x ,y) <— sLjjl^a.1 ^-3 qj p jUla^l 

# ^1X1 ? c) dljjlA^I ^3 Aj^j -^A 3 A lAAjld ^)AJ ^All aA^^-aII Aa jAvnAI (3^ 4 <Jaaj (JaI • 

(jjAv^Al £_!al£j jj'i A-iQ^ (j- 0 jd (_£a! 1 (X ,y) dljjlA^J ^3 Aa^Al • 




IdJl (jjiij (jIg- AJalj 42 jiJ^ 


t dlj)Aaxwjl aAA A^lj 

^3 oAj^ j A.Jaq'l Jjld ^)AJ sJaa-q ^X ,y) dLlllA^Vl <^3 AAll (jjd ^Ac. ^^^All Aal^jjl (3^ • 

.(m ,c) ^lAsld) 

.y — mx+c Aa^Jl aA jI*_a j>A cj jxi ^Aii i l^Ajl^. 1 »ja-n ^a ^^All Saj^.^1 a JaVAl • 

^tilt (jd 4 6^)^x-a ^3 A_aj<l1uia] 1 Ja jjAvnAI dLAiA^V 
.Cj 111 (j* A_aJvIa] 1 dll jAvkll A JiIxjVI £^jUj A_3^da^ (ixi ,c)^l^! djjj . 1 

. ( 111 9 c) A _y~^UC* (J4J jA^a A-LiIa^a!! ^j£ll Aaxj # 2 
u 1 J' CS^' (m ,c) A lA J! 1 ^-fldaj ibjj^x 11 ^-3 dl jjJl <jdiA ^ ^Sj (V ,y) : Uaij <3^ .3 

.y* =mx ' +c ci^ cj m 

# A_ilx-aVl Sjj)x^i\l ^^3 Av^Jl £a (JjjlAaJ oAIaj! ^d A^lj (3^ — S^id £A3 IaA ^^Jl ^JXl ,C) A (jC- dl^j # 4 

^Ac. # aA o^dllA LA£ (Jj^ 3 (jl ^ j^ 3 V Aadl ^ (__5^1 Aal^jjl tiilj 2)^ (_ 5 ^ Hough d i!d^d i^a oA^.1 J oAjAa S jja 

Aa^kjl (_>d ^gAc. ^-^3^£ jlc. LJjdj ^ UJ^3 xti 43 ^jjlaViAll ^jjAa^Al t _ 5 Ac. Ajt3l^]l Jali^jl (3^ t (^JIALaAI ^3_iJjoj 

)ldl£ c.^ u*nVi SjJx-aS dlc-UaiiLl AajAv^ll dld£l (3 J^-i LaAjc. Ia^. oAjAa (jj^ 3 (jl (j^-*^ j ^jqH*i^jl 

# ^_la La£ Uja. (J^*- 3 ^ah*)>Vl IaAjc. 


jl t^Li^da *o_jl 




itaJl (jjiij (jic- 4 _aiHa jjL LUL! 43 

La£ c4 j aUxL^Jj ClljlS J lh-^VI J c_fl4j^a Ijl gjLja^a ^jllij L>» j ^jl l ^j£JaJ Aj^Lill ^ja 

,44 JlJ^ jjUailill ijUaiJI (Jj 3 (jxi (jJaj^ca 




t aU.^ U -v. ..X 44 .^44JjJt 

^)4*_4 LulgjV UaA 3axJ IgjL HOUgll AiL^jla Jjjl jc. ^ja .1^! j ^jlj ^jJal j (_]£. ■'■' J t^$]Jp tA flJflaJI ^_g3 

,^]Lcall j AjlgJ '~ 1 ^ 11 4a4 4jt4a3 i^ja VOj t Cj HI -^441 £T Ajc 

.Lul^jV La. Vic. (4_p jaxJI 4a jL.xU cjSjjj (_£.a]I 1 " " 4a4JI J/iail l - .t. y =niX+C AHjcall 

t(44 44 j 04I <cLb«sall JLaJcLoil 4 ■ >.aV I ^ja t:4 K .'.' 41 &4& 


x cos S + y sin 0 = Tj 


4 ^ iq'i . V.l 4a j. Li"a H t. q . j 4 


y = mx + c 




(a) y=mx + c (b) Alternative form of (c) Vector representation 

equation of line line equation of aline 


iajkyi 44 .(*" jlj' 

, . „ „ (r, fl) ..... _ ^ . , 

i^a ^Ljaall ^3 W 14 Q (_)43 (jV^ (x ,y) ^^3 ^j| AjI ^Jc. cJa^vlj 

a ^_llLal4Q 

a ^)JJ 3 M (jj >^4 ttiilj 1 . 1 c. Lq 

Ja j) 3 -v^H ^ij AiLjaV^ (Jl£jJuV^ L_flLioj£y i <jl Hough 

A, A iVujI^qH 




aJjIx-gIL jaII jL^jI li) (J;nxij ^Ic. 


{x - aY + (y- b ) 2 = r\ 


( 8 ) 

IljVI 


‘rj a , b j jij*- 5 O' C&4 o 2 ^ (a ,b,r) dliL (x ,y) gj JS 

# (C±jIj C 4 JJI 

6 ( 3 . ,b,r) A ^J^jjl AA^ix-a^il (JLgxJjojV Cl^j^C- fcA_ij^LuiVl AAi^)3a]l • 

# Aic.Lja-G o^jl^D A-Eb-all (jkfiLl ^il! j Ig "i^q Jaliill (34 • 

.(A «^*j 1 ^ac« ^I^iAIa]! ^)!i£VI S.^xaII dia^ll j)A S.11I jl^ A jVq'ill .iku iIjIac. 

# A J^ajxxnll (jjjl^ibU (JLgxILoj'^J S.li^ A_aj^Ia]l 111 

SiLuJl Gaussian jj^= 

1 AjjjS 3^j)o Vi^ (JlLaJ (jl (j^Aj ^xxi~n A AJ-ixxi A_i*_nJa (^IxAu) Aj^. ^a CIjIa j1*-a • 

.Gaussian 

Gaussian * • 

* (.* n j Ax^ jjJa ^A ^xxi^ll (jA A 3*1 qi (J£J C1 iI^_^.^a] 1 • J-ajJ-a Vi II • 

Gaussian s (^ ,^' Jja) J jj^JI o 

^^Joxxili A_i^ jpll j^x/T\'l S^)£jl ^5^ ^ ^ >q ' <l LS^" (V^.^a]I L^ G) L^JJA^ O 

* (^llill L5^~ 3’ k -^ 1 ^'' 1 A j\a« 11 gAA JAaj (jl (j£Aj (j^j 

Aj*. jaII IaJuc. jj^jxxi ^ill jJajoJI A_ llaia (_£jLoiJj GaUSSian A_lak3 (3 a Jj (jjj • 

g,k»«1 l 

.(EGI) saiaJI Gaussian » jj^> Kiril l ^ 

.JjjJl J! (3_>^^ ^jj)Vn tAj^J^xxill A_i*_nia]l ^LjajVl <^1 (££3^-9^ C1 iI^_^.^a]1j A fiA^jl u'jjVl 

.45 y4 A^aljll s^Iaa]! Gaussian cJ^« 





fc) Block 



EGI .45 f-jJI 


(jSoflUluj) ^l.xx^VI (j-o jIajVI Ajj^iill A_A>-^a]l ^ 3Lai]! (JLo*jjujI 
A_i^.j C j il-jl^l oAC-la C t Uxi'sg jjl (j^Aj (jj^-A ^txxi-N JS1 (jjU^a.all EGlS 

.l i,^k xx i ^^A-nia A^.J^] ^L-aa.1 ^Uj 
^(_^ jliuLA (. | \ f\J^ Ojjx/lll (j-G A-lj)g XXI jl A AJ-ax^ljl C1 iI^_^^a]I die. jlijj 

# ^-ul^JI a_i^.jjj ajj^SI (j-o (343 (ji >*iCk ^ j (EGI l (^^4^ 

;(_^l j*JI 

UUjIuiI Ja^a A-i.w^]l ^xxi^VI EGIs • 

.EGI (j-^ ^\VAj (jl (j£Aj Aj.w^II ^c. ^Ixxi'nVI (j-o ^ac. • 





EGI .46 ji3^ 


13) ^ic- JjUAJ 

ill (. Qx^jj ^_u!a]I AiLOa-a A xai<q ^A n<a*i\l • 

# ^C.l_iiaj-aV^ (J^LJa-Q (_j-a A, f\ Uxivl^ A l^Jl'ixa Aibl3a<all • 

.A Kxxi.aH aAA AljU^Jj ^jjjLujI ^^ic- A_iua]I ^c-lila-t-aV I Jj^la (j -0 • 

>L5 jIu1^ J j-u*j • 

# \jA A_*_ujIj Jj^Ia ^jxi^.Vux) • 

;<LxuLuV) Sjlaill 

- : dllj ( _^ic. Jlio j) *Lli jVl jAdil j^alk. aIjLIia] ■'■' 3' jLaj * J • 
_^jjA^4j]jVI J j^allt fcjl 33-^ (_s^l O^SC. (3^ (_ji L>° m ^ (jl (jJajjiil • 

j ja^])<Li] j y $\ ^jj^aLk^l 3-^°-J * ; -'~^ (_£ jJjaa (j! • 

_<ajUaA]l ^ j 3 o.Vq» 11 £ji ja j (_£ j1uaa]I • 

_<ajUaA]l (4 AaxJjaa]I * j .'Ml l " i^j 4 ^ ^'j~' ■ ■•' 3' 4X - lJ '3j • 

3 3 L '-"^ -I^-aua]! (_ja ^ Lall^ 3' 3ajUa^jl — gj^-ll I oa]' <aj 15 ^^Jaxj * J 3-'^- J j^' 3?3 • 

j ; ■ -’<3' iijiA jl L-'^jl Lc3 3 A -3 ' • 



match list { (1.2), 

(2.D 

(3.1) 

> 


match list{ 
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^3 (J^J JjjUaj A^l ^ja CllliUJl A^.1 dQ^xx’ill djLjlluiA ^ja ^ jILaa (3^ (^ • 

43l^J 4_1 a11^»a] 1 Cl^jUa^ll (3^ A^. A*-jl g^jUa ^11 Aki (jjAll ^jLiial l^J Sdic. (3^ • 

A \W VI A^duill 

>C5 1 jj (jl (j£aJ (jVl ^ 5 ^. g^jUa^ll JIaJ ^a]! • 

djll.Vl £<JjUa^]l Vi V ^ill djljXu^Jl L^.)iui ill j V jl JjAlfcJl L-Jj)lxkal 1 d 1^) 0^)^-xlu • 

dg x^ 4_iljVl QxV.'ia 11 (_ja 4_1a11^»a d_llc. ja^a 71™ — 3< V^' s-l-daS • 

?dj\jlxxi VI L>° p/l^H • 

0^)^xxlH L* nVxVll Vl*sVl 4jxx1.Vlg 11 J jJ^ll O^** } ^l.^Vixxllj VjLulVl L_lC-ll<a]l ^j\ (_j£jd 

• 

.^l.lVnxiVl J l_jLui^4) vI^-uj • 

# (3j^Vill jldiV) Jj 3 (3fla-l • 

^■iVixxii J c j^aJ CliliUJ] 

AiLuL^jl 

Aj 3 ViV^Aill 4iLVI OjLuiJ j! (3^ U_3^ (jl c . 3 >J 4 xxi's.aII 4il_Vl (3 — 

^jljiJl 

# ^Ua-<all jaj\\ gjJJ^lalVi/all QjjStaJl jjjj dllj jjsl jJ (jl ^ 1-^.j (jdjjldj^a (jjluiVa (jj’^l^ jjjj Ajjl^ll — 

dl^jVI 

j ^ .. . f e * ^ d a k 

).j x xi^ijl ^3 4_uiV<a]l 4il_Vl ^Ac. 4_Iaaj (_£ I Q 4 xxi^aII 4il_Vl ^Ac. 4 Aid (_£ I (jA C1 iI^_^.^a]1 (_£Aa (3Aaj ^ A — 

(j^SaJ (jl C t TN.J C1 jI^_^^a] 1 (jA (_£Aa] 1 IAa ( j j i ^Aill djlsL^. £A b J ^ djliUJl LS^ 

jj I Jj 3 Clll^_^. L3 3 ' 

j]-axxi\l ^.-iVuxii o' 

j)^*axxiH^ CIjIjjIlul^J' o^j Lal^o • 

^ j^axfeij' <llalA • 

# Clul jJ • 

VSjLaaI! AIjUx^]) ljVI^ o-bsu ljLujIjJ 

A \) < \ x xl‘l Qjx^’l OQj)g XX) a1' ^ 1-jA '£ Cll^J ^C-LulA ^A ^tll3 C5^ L ^* 0 

/oJIC-LuLaII ja\\ OA <X_uj'j 

(1979) Shirai j Oshima '^kj^ 

^Ixxi'nV' L_fll_L_al A \f \ x xi‘i ^a JiaUlU CIjo^ 3 C3-J^' aJj' SA^Ij Clljl£ ^AA 

IAAIc. 03^ djofic.' ^Ixxl-^Vi J- 3 L^' QAJIxIa ^IxxI-n' <^ C ’ iS J)" 1 V. 1 (3A*J1 -Lajlo^-J i- J ,)g xxlA L_flO*4)' 

d-ll.Axxl'N.A QAx^l 1 \\ C' I^Axxl Qxxl 1) VuJ^aII ^ J)]^xxlli ^ fll UtV # oJC-^j]l ^1 Qxx) 1) VuJ^A J)]^axxl tVl^IiulA J)]^axxl 

djljl jixuijj ( ill ^Jaall 

^ 4 q 'jl->l' oJA (Jjadj 

^IxjJI AI^ja 

Ojj-a oa 4 j~1)a jL<aj ^a.lVixxi'i dilj oa Vaj # ^jUa ^]1 ^l^V (Jj^Va l t llx^-a ^ j^AJ cJ^- 3-0 - 3 L^' cJ rf<w *- 3j d 3 V 4ijo^' fiAA 

j<; xxi ) o^^)*- 3 ^j^)*-^]' vi (.5^' d^vuii d i.w*i ^\»*iii 4 _l^.o-° 4 j # i^_iic. ^o 3 *- 3 ^ L5^' ( a '"^ i ‘> v y ' 

^ILI t^jl3vlc.J J)]^XX)11 O^'llx.rO'N 4_l^.lj OA (3S L j t 4qVi^kA dj (j-o ^aUo'lll (3 j4^1a 

^^txxl^kll ^J^AJ 



Jjj ^Ixxl^ iVi Ajjj^)la (jl AjJ^ill ^)j)x**lll j}A Aj^IiuIaIIj 4_ul^j^]l ^ j)^1xxlll ^gjiilLl JUstloil j)A j)^^£ < Lx-a^ll (jl 

j>A jjiiSll i. u^i^kj (illi t_flvLkj t^ku (Jl ^IjJ ^^ic. Aij^)ia Shirai j Oshium 3^? o? 

(_j-djL-aSJl # (A-Jafll) A j'qjjVil.Ajxxi aSjja jl ^^Jvlc. ^jLij ^»ja_j ^3 1S& ikk* 1 ^aJJ *xJ t Aj\^l>lll djls^lxllj ^ j)3^xxill 

•^PuJajj Aq3*i'iA (J£J A_a]11a] 1 A_i^Ja-ui]l 
i( .^cll Ajl J)3*1xxll t(_^ j)‘lxxlA^ ^.•'*k3*1xxl ^*^j • 

tS^jl'N.xoll £ J)3"lxxlll • 

tAqJVi^jl • 

tAil^jl • 

^II <# ^JalLo ^jJC. ^,3-ixxi (jA A J^axxi ^)Ua3Vl 1 qIx^ViI 4^,x«*i 3V 1 .l^Jl t^j^Vl d3l • 

.^3*1*1 1A ^)JC. iSjjfi* ^3-1 xxl j>A ^Ua3Vi l qIx**1i 1 j)A (_£^)LiXa] 1 l^-fll^^jVl • 

;^]l!i]\j SjjAA J^lxxlll jjJJ djlS^lxl! (jl 

t a a 3*1*1 1 a Ajjj^I! J1£j^V! ^.3*1 xxi AiLui^jl • 

S^jI'N.aH ^lalixillj AaJvUl CIjUjIiulaII (JjJaSl jjJJ AjjI jjl • 

jl (^)iilA jl c. t I.Wa (jAil ^Jal^l Ijj^ _]g3^ jl I.Wa jl ^)*SaS 4 Hix/i/a — £_Lal£j]l • 

^AIAaII (3^ 4 C^^aCaJ *^1_J^ ^xxl'N (JaI£ 4_flj-a^3 .^gjl A >^A(i3 3 AX - 3j ~ a - 3 ^)3ai3l ClA^-^J j)A A \x^*iq 1A AC- J)A~^A 3*1^3 

.flklll (jl C t 1*NJ ^xxl'^l) 6^J^)a3l 


g^jlla^il AJjvja 

S^c-la ^3 *\xxi~n ^)3Via JS xxi 31 0 3*i *\V ^1 A_ij^)a] 1 (Jj3al_iA]l A-C. ja^a g^jUa £ aJjIAai AI^^)a31 oAA (Ja^Lj 

(. Qx«*1J ^3 j)_jSj J3 .^ xxIaII AIjILiaII ^ j^AJ ^3 ^ J)^1xxlll 3^ .A-aLl1a]1 ^xxI'nII < SlLx^jl CllljLlJ 

Cll^3^ l^A 3 t^ . L r J J)^3 *ia ^JaL^jl CIiI^jLIoa]! ^ 4^Jja 11 ^gjiji3l l. ^ Uxiji 3 *i*\!>Ia]1 xxiaII 

CjUUj xxl A 11 dll jjA j)A A_Ixa11a Ac. J)A^A IaAIc. ttiilj AJS^vIa]! dlUll^j 

(56 3^^j di^3^ 4^4 3 >wt - 3j - a - i 


Image 


Model 



^) Image driven first phase of match 



Driven 


(b) Model driven second phase of match 




.48 


(1983) 3DPO^> 

*1 j^.Vl <jl £a AjAdij ^_aj* 4 Jl AjjLajj Bolles cjf jj ^ 3 ajjj ja (aIxjVi 5 - a-i^jj) 3DPO dl 

(Jjj-a^l (J # (JlAlic>lj SAAxaII AjcAu^H $.1 j ^.^1 (jA Aa-^lj Alidda Jalij] V ^11 jA A_i^.jJ jial jC-V (jA*_ll Jdal jd j)A 

Ijjl SAiLuia jjj^La (jl tAjj)l)"i*all A_iA jA*lIl_a Aj jj ^ till Ail Ajj jll dal) 1 jlujj j!i£l (jlj (jJJJ c. QAg 11 lAA ^1 

^Ic- ^_fl jddl jjl (jdd C5^^J 1^1^ A_alidA AAJ jla Ijdla tillj (jA S/Aj ^£tll # # # dal jdll tdalil jjJ^x^Vl (JlLa JaJ-uull ^t*Jl ^a-ui^Jl 
t. Qx^il £a a jjlA (JlLa^ A^. ^gij ^lj-a^Vl AAC. ja^-Jda (_^1 AiSlixll dal jdA jl dal jdA A x x^ijl Jdl3 (Jl^jdujL ^Lui^Vl 

.A jI'saII SjjAll Sjjj (j jlaJ A3 j jJt-all (jVl jl^3Vl aAA .(J^ll d a^n ^l_Aa3 (JjfLa (^-HaIIjj (^ ffl 3 jlaS 

;(J^1 j-a (jjiAd ^JaIaj aLIaaII A j \ >a ae 11 

^jVl j-ualaJl ljIjja <_Lu£ 

^J1 tdliUJl i Vn^-n # aIxjV 1 Ajjjljll daULnll daliL^Jl t. <aAVi^'i .Ajj-uj Jaiajj j Alagj 1 (jAaidLall <_£ jIuiaII daljjA — 

i j))tn daliU. jl iAjA'sa 4& jida 

LjljJ^jl A jSiC- JaLuU 

^A^aj £•- jjll j-dlj^V cl-^*- 3 -^ (jl (j^-aJ (_ 5^11 d iljdAll ^A_iljVl jx«ol "aa 11 ^ A-lSlic. (JSLda (jl aI^^aII aAA t. QAA — 

1 11 *V \ 1 4 lx ^ 

ql^iajljl Jjj4 

IaIj Vjl oA jS^jl .Vqliqjl jd^j (jl liA AaAVuai^H Aj^jal jluaV 1 aIajII daULiJ oAC-lii d a*sn (J-a*4 AAjUoaII aL^jV — 
Aj'^l'lC- (JA ^AAl-N (_jC. C1i^j]U SjjAll S^J^(££^)laj (jAJLJ-uA AI^.^)a11 oAA ^3 t AjBLIx 11 dllc. J}\\] tAjal^ t." UaijI oAA 

# AA^.^ ^>1^3 t. i'i CjIa ^)jljA jllLa cAjj*a 

A-Luaj4]l ljLu! 

.SUaxJa Au^i_jk (IJa ^a AAja1i^] 1 Sjjx^ill ^_^3 A_i3 LjaVl Clil jjAll (jc. CIl^jIIj l_i^)cL 3 *4]£Au^jl tijLiAa^jl — 

J-aljaJl A^iLuOj 

# p. j^il AAA ^>i^l ^3 ^a ^iii3 (_5^ ^Sf 3 !- 3 cSUaxAll Aii^jill AdjJa^jill tA jUg "ill aI^.^)a 11 aAA ^^3 — 


(1979 ) ( ACRONYM) >a2iAl 

A jU nil ^jjj-all ^A A*Al jll aI*jV 1 Ajjjliill ^aLui^Vl 6 ACRONYM 6 Aj ^Ua3 

Ajl j)J^*A) V 1 Iaia ^JaxIuij .Ajj^JI ^)jj-all (_ja ^Ua^jl ^^)1 Aa djl^jUqJl ^_fl^)dlill (j^A^iVi aJjaVI .aIxj'VI 

j^')B inford j Nevatia ^ 6^ ^ j^4J' ^>H j <jj j^-dl ^i^Aill ^ j\£ ciA^ ^*-dl 

ClljLAallj AaaxaII diljljl-iAAiVl Aisdl . j.n^a'lll ^juj j ^\ t_li£^J ^AVIaaiI 4 ^Al^jl ^a-uj^]l 

.CjIjI jkx,V' ^rl jjl (jjj (tiSjJ 6 ^ J U^JJ*^) Ajfuull djjb^^ill (jjliaJ 

;^jUa^ll A \y nl ^ oAC-LaaII t^-ui^Jl ^aIaj ^ja AjnA ^^ill tU>ijl (jj^kl ^jUj ^Uaill JaxIuij 

AjjSjJl (^jIjj ^ujj) hh^4 

^J^ltlfllx-ajl ^LabtJl t. qIa^jVIj ^ j^Jl (J» a>J (_5^ t^l.AAi^Vl t. Ql.n^l t _ 5 Ac- AjJ^ll (JlLaJ ^^jLnll ^joj^)11^ J-iI^-^aII Iaa — 

(^l^^^jl t. Qa.^> jj (jl (j^AJ 1 AA ^AjjIj^^II C1jI£j^a 11 t. ‘qliA^i ^) t n» j (^^ll (Jjj^j^)J (J^3 j)A (JllLa ^jJaC-1 > LlnxJ 

(j_j£j (jl (j^>aJ oAA ^CIiIaL^JIj til^)^A CoAC-Ia ^a til^)^A (JlLa CIA^^'saII j)A Llnxj ^jj£Vl C qIu^VI ^ij 

# jlxll A^jJoa jl Aj> jaII AjSAjII ^.Ia A^-Aoa (JlLa ^(jLaxliajyi ^ic- SAajxa^ A^Aila ^11 t_fll_L-aVl A^U j)A AaL-^a 

# lJi^)CL(j31 AaIaC. c-Uj! Jaia^-^jl ^1 t. <al,A>i'i t _ 5 ^l A^^a-uaa AjSljJaVl 3 jja11 

ff t M (j_j£j jjl t. t vnj ff • AA^)*a da jL^ll (jl t S^j)A^ill ^_^A dal jjAll (jjj dalAjlxll (jida JaladAll lAA ^_^A dajd^jl — 
^Ad ^. j ^aai'N ^A dUaxAll dal jdAll ^jj 4, ^^J td 3^Jj ttdljA^. AjIIa'I^V lija M jjA^.a M jl ff (j_ 3 ^>a 

# jjjAxj aUjVI ^^gjjliill ^aai^II dal jxa JalLujl (jA A^dUa jjl C t a^j JaA3 aIxjVI (^l-^ 3 S^jjj-all (jl t,** aj*\ 

;aUjV 1 AjUY'all dal j^Ail (jld-aj (_jjj£j^)J (3-a*daiJ 

Ala ijJiVl 



vLaxiLujj B inford j Nevatia Cfi # a_aaxa 1I djtiljlaxxiV I (jA (j^S^» 31 Sja IVaUxiA c. qx*v^3 (JaxIlH \ — 

# JaJ^)jui]l (jA jIxjVI 

A-uaStill £jla$j! 

A_iAa^)x]l ^lalLd] # ^Ia3 ^A Aj^)jti A-jl jJajjjl IValxxiA # A^oaxa Ajl^Lud Clltil^j IValxxiA c. Qx*V^l (jAX*liA \ — 

^»a 3] 1 J3lk (j^ati £_laa jl o^)jti (J->Ja3l 4. . nS^)3j ClAjl^jll c. Qx-o j ^JaC. Cll (jl (jSJoJ ^ j) la^ll 4£*3LJaVl SAIxSaI! 

.JSaJI 13a 3**i *i x xi a S-Ia^-V £ j 

• U.-'^^^a (j-lc- C^*^- 3 ^dJa^ll AjIaC- (jj 
(jA diVl-^-ll o3a (J1a ^a .(Jj^-naII ^-3 ^Aill (jA ^-la^xAVI (jlalxiV a j\^a\I ci^ljjUa ^11 (jc. S^jj-t-all ^a c* ^ n # \ 

' ^j'al'iC- ^ A* a~na aJa^joiVl tdllijUaA]l 

A_aSI^)1a]I ^^j 3]I^ 4 j/nll lala^A J^j 3 tilS V 1 (jl V^J £<JjUa^ (JS ^IaJ ^alxll ^LajVI (J^l ^ja 3jatixll # 2 

.Jjjiai lala-^ 

a^LaVI ^jUaII (jj .jIxjVI AjSitill jjj-all JIaxIuiV ^IaIxiII Drazowich j Kuan l)^ (j* £-^j cJ**-^ 13 a 

Ia'u^ ^AIiaII £.\jjl <1 aXJ-u1A S^A^JI (JAJjILg iL-iajl £ Aj^klaxxlll (jSl l^J ^)x^~Na1\ 

J^xIaII (Jjlayjl ^ A^AjJaliA Aj^laxxill (jdVilx^i'S (Jl (jj .(A_ilx-aVI Aij^lall ^3 Jaiia (Sj^a^) Clll^iA (JIaxILaI lilliA 
](_£jJ-uiA (JS ^3 2>tilA CIiI^IaIIj CIAjjIluIaI! (jl t J) Tnll A_L^.^}A ^a ^AxluL^jl ^Lui^Y] 4JljljjllulA]l 

^Ul^hjl (^^J-ULA 

^7k-kll (JIa jl^jjl A l^q'l ^ajl xA^ tajA^jl jlxjl 4 ajA^Jl djti ^S a (jjj A J llS^JI Cjla3l%)l 4(J13 a]I (JjJjoJ (^Ac- ^0,3^ 

# cijl j^l (jjj (j^alxAUyi dilailc. j t^.x^i'aVI j 

^bAxJdl 4j|j)h^lVl ^ jlutA 

13a # ^dl daliUJI (jjj <a3U^JI 4<jlj)]^xx)V I jIxjIj 44_i^j(ijl j <jlj)J^xx)V I ^a^Aj <jl jIiaaivU ^a-n.^11 J^j^aII (j^kj — 

A m aII AjIjJ^xxiV I (_ya. jL-^xk # ^Usii]l ^3 ^Lui^VI cJ/ia'i ^jjoLaI ^A Aa^ax^]I dj\jlj)]^xx)VI (jl 4" n*s 1^. ^_a ^jIlulaII 

# A_iA^AC- j!iSVI A J*s.]^xx)ll (J^jlx^l^ll (j^- A lx^VlA j>" n'qji 

^J^ixxlll ^jluLA 

4 t A j ilS^jl ^Jaj^jJI <3vlc.j 4AiL%j! 3^. CIiIa ^Ixa 4^Jaj^JI ^ Qx^j — 

A^l^Jl ^jluLA 

^ # ^dl Aj.^Wa o^)x3a 4 0 j)J-vn^ Cliial^JI ^1 jjl (J^kxxn — 


(1984) Lozano-Perez j Grimson 

A AjVixxi aII CllliUJI ^jUa C1 jj3a lx>ijl (jSi # o jjIHaII A_^_^. ^a]I A^Ja-uJl Jal3i]l A^jUa 3L-al c,** l/a^/i A^J^Ja]! o3a 
■ Ig xxi^jl ^ o^)jaLi^]I Jajlr^ll Clil3 ClilaUJ! AqJ,]^ ^ A_i^ti (jA <3j^)ia]l (jxi^lVi liA .(jj_j^lj (1988 ) (j-® 

(jA ^>j^l a_ixa11a dilaUJI (jl du^j 4 (_^I^)^a (Jac. ^jiLuiVti 4^3 ^a^]I (jA o^auIaaII Ja j)la\jl CjI 3 dilalqd^ 

# A_^_^. ^aII Aj^laxxill Jal3ill aJL^J o-I^ja ^ A^AaliAll 4(Jl-^ AjI .A ^ n^jl (^aC^JI CliliLiJ •^ c - -la^3i]l 

jtils A^ii^A A_ix-uAl^JI Jjj3ll i ^ 1** Aj^JjaaII A ^ i\ l o^^^ll ^\ l ( 3 ^d i Jaiiiii (jL ^i 2 k. ^ii (J_jdi (jl 

;A-Jtill CllUjJajill AflJ^)la3l ^ llla'n 

Aj^ti (jA AW a llaAll I3a t IWaII llaAll ^)iaxj (jAAtaJ ^xa A^ja^ll ClllaL^JI Ajj^j] 4,** ^axxi 3 o^jjjAal! ClatiLiJ • 
A_i^ti (jA oAW a A_g_^. ^aII Aj^laxxill A la Vi 11 g-llaAl # A-al_^Jl ol^jV A-IxaSIIj S^iq^ll j O^jjlkVI Jal3jll ^jJaj 

.IkaJI (jA jjit-ua 

.polyhedral JLaj jl di jSxl^ ^1 ^L^Vl • 

iu/^^A (_g^l A axxiVia Aij^lall o3a 

^_jiaxJ ^a A xxi's.a Ail^. (JS c'jJ (JajAJ Clll^)JxxiqMl # A xxI^aII ClltiLnll AaIaxII lAjl^luiAill (jA A_1 aLa J)A~^A # 1 

Jjj 3 < AJalxxi > i ) i ^-3^Ai]l (jA CIiaLaI ^ 1 J Ajla-dl Ail^Jl ^a ^j^al.V’i^jl dal^)jxxi\JI t AA^-^aII ^ 3 ^x\JI 4,*uUl*s 
A_g_^.j i^ja 4.S idt^l^ll AaIxII A_ 3 ^)xa]I (jA I^aojIj Ja£3 S^)jL^4jl ClAaL^J! A_3 jxa (jA (jjquxiA ^jl <.** ^^d^A AiUJI 

^^xxi^kll ^t3^aj jl Alois]! ^)lai]l 

(JS (jlxjJaJ (^311 cilj^)^A]lj (jl^)J(l]ti ^A-ulJ 131 )J X. xi \^3 1 ^xxI'nII ^3^A4J (_^LuA 3U 4_J^)^A _JJxxl^*1 (JS # 2 

t J.WaII llvkll (ji axj ^xa J-3 JA^JI AaU. ^xa ^jUa^ll ^3 A xxi's.a A3l_^. 



Mi all 

^j-a A A_aj^ln]l ^3 A jqjJVilajAxi A^u*i (_jjjLujI ^ic. na c > \}SjA A-lflxiJa AAi^ji Clll^Laj ^xxi-^ji ^j^aj • 

JaJaa^ll l_i£ jj - a<^A \\ 1 Binford j Nevatia Jj? 

Ajj^ ^3 ^Iaai'nVI J).. 1 .. 1 ^' 1 j {Jjlxull o^j)g xxi/a (Jl (j-a Clljlil oAA O 

a L_J 

* ^ic. Jala^a]! 

• jl ClllaUJl aUajoia LiJajl^ Jajlj^J A_L-a!La .via 11 As* ja'Na • 

^^Jajoi ( (JllLdl (JjAuj ^Axi^k S^J-a S^C. (3^ (jxaj • 

# ^t]l ^Jajoill t A_llai<ajl t(j£j^]l (JlLa^ Clll^i-dl ^j-a a.lxj c_J)jxj ^jl ^j£jaJ • 

- ^Ac. ^ il^i-all (jjj djla^lxil CllvL-a (JlLaj • 

A^Lui-a o 

.d^Lall ^^^Ja-uL-a Vjl Aila. (J^Ia ^1] ^j±i cil^pjaL-dl ^Jl (J^Aa A_jj_oj — Clll^A-dl O 

< ^xxi^k\l 3 aAv*kA ^j-a l.^-£ (jLaJ (j ^aJ • 



fc) Picture of a mug 


A 



hutfiti IgMr^a JjIajj jUIa Sjj-ua .49 



Cllii^bJl A \>.si ^11 alVil Aaj* 1 V Aii^lxll dill ^3 4^3 Luia]1 (J!lg talViVl ^^A Cllii3l*Jl (j>ia j ^jl Ja-^^j 

.aLViVl (_5^ c> Aajxj t jl ^aJl (3-1° 6(_£^)VV1 


LSjM^ 3 


■j L$Ut ^ja ^jLnll ^joj^II Jl ^-ui^Jl ^ ^ja ^jlx ^ja_j — JjxLj ^jaajoj^) al JaJo aJLuia 

t ^lxxi^Vl ^j-aL-allA V 1 (jl Uxi-dl ^3 AVll Q\ c > VN.J A_IjIaa J3 Ja 

# ^lAjut<a)l ^I^ajj) xxiaII ^3 m’n ^lll £-1111 ^ j"i*yi JalaJI ^ja ^ ilx«a ^-l^d ^ja Jjixl^I! ^JLij 

# L_lL-a]l ^1 ^Aill (JA (jj^Jl ^gjLnll ^-uJ^ll ^_JA <_£ jjlj ^jLiJ ^aJA_J ^3 A KxxiaII 111 

# Cjjgjl JIaxIaJ — s.Lla3 C* i^il a^n^ A K xaia alA 


:Lij£i2l 




ciUl jlax^yu ^,]axxi ^1 jaj ^j1ax!Laj # ^jUa ^11 ^^jjIjIxaI B inford j Nevatia a_sj*-<*3 j J j Lxc 

^Jc. ^ j“i Vi ^!ill A_la^}CuYl t _ 5 -ojal Cllx ja-^a' 1 ^^3 A a a>^] 1 Cll^^-dl (j) . Jl!>lx JaJ-v^A c *1 n_j iCll^^-o^ A_aaVa] 1 
# a^alx^a AlljJaxxiV C Ja 1^* (Jj^ xxVil (_^a Jaj Ax ja\a (3^ .cIxjVI Ajj 3HI1 ClliL^Jl Cllx ja\a 
alA .A knjill A_la^}CuVl Aaj13 ^Jc- (_£ j"i^j A_L-aj 3^ iJ/’d .A-L-a C* iV'ia AJajj^)A aJa^)Cul alC« <jl C* n-w A_llal^]l 

. V_$l £ja^V1 J)\ Jj^VI A_Ia^}CuVl £jla-i C li*s . ) 4 A a 3a ia A_aj 11]1 
Cl3Lx-all alA .A Jafi^A vla^Cul c3^^A Cl3Lx-alljj 4.*iq»^ ClvdajjL ^,'i^a Jl>3\x 3a3a^A cilliA ^xxi~n ^)]a"iA (3^ 

(. aL-a J AJUalj JaxxijJA ^-iJa^jC. ^Ja^A ^jia^)C. c^j^aII c 3_>^ dllj jax>i ^_ja tAJa^xluVl (j-Q A qVl^A Ajxxi.VlA ^j-ajL-aV 

^AjljjJ-axxiVi 

^3 ^jj)A ill t Qx^j ( xa (3^daJ .\q xxi a (3- 3 - 0 - 3 JaJaV^ajl 

;a^A /al_jlVAll o31j 3 ^jl'i V i ^j-ajL-aV CIjvIj -laJ_jjA (3^ . 1 

tJaJ^xjl]! O 

t(_jiaJ ^C- ^1 (3^3^ - ” O 

^^gjljlJaxxil ^1 ^Jaj^)VA -- JaJ^jjaill c ilix-a O 

^jli a^.lj Lla ^ ^ja L5^ Cl (jc- C1 l^)] A-jj)UaA AjIjV^ Cl^jUa^l 

.Vji *^3^ L)\ 1> . 3 >J dl^jUaA]! ^1 id-^d-Ci a3lc-l ^j-ajlx-aVll 

A_^_^j (_ja JLl ]^1 t\a # a L_J lag'll a JaJ^)ll Clls^lc. ^Lxaj! IaIU^ vIa^)CuVi (jjAx>\i] Clldj Cll^jUa ^11 ^jj ^ 

# ^)Jaj]l A_g_^j ^3 C ^^^a c." Uxijl ^ C lilr\A ^3 AJa^jCuVi t i Icl JaJ-v^A SI^IVa] 6_jJaj 


V^jLkit 


l_jIj£J 1 IcA ^dal All ^X i Ul ^^^xlllaj-aV 1 A a 3VM ^jc. L ^ il'i^ a^l^)3 ^_ja ^.gVn (jVl Clul 4^3*^^ C5^-J^ 

# ^.1^3 \.\x jjJa j JjjjiaA t^jjW^A ;^ja lg j^xxi'i^a )}Vi Vi ^xlllaj-aVl dlx ^ja Cll^l3 tilllA Cllll^l-^ 

# L_jlj£il 11 a l \Jt Ja*I 1 ^IxSC ^ 3 A_j ^)-aj-aVl]l ^^3j Ax^)*Jl AJlIIIj CIUI^aII lixxij 

Ia£ iA_AVjJa Aj^)Jaj aCc.13 ^3^ ^l£lll A a 3a 'll JI-^a ^3 4 ^jA 1^)11 CllS^ll ^3 iAj\j ^-Ca jJ L_ilj£il 11 a aCLa 

A_a^c.Aa ClljVq'ill j ^cliAll aAA ^>a j/^ll # A a]ViV 1 ^jA ^-^j]l 11 a ^jJ^laj Cll, i'iVi j ^clxo ^ja A_CaJ^)C. 4 Xja\a ^)3^jj 

^j^)jl] 1 ^jlill CIIa j!*_a 11 alA ^tj.lVi ^A tL_ill£Jl 11 a c- 1^)_5 1 i i^l < t jjjWi'Ij A ^a^) 31 Cll jcb 

3.. u -‘°^' 1 S-Uaxl All ^_Cal^]l ^ja # a1^)3«_a]1 ^ja Alj^jxjj 4^g ^11 AJj)g,xxil 4A_Ia-uiiA Ad^laJ j Al*L 

^_)ia*J tlilll # A^lj L_j\1£j tlilll AqV^All (j^lallj A'lAJa'il ^)J^-lal (3^1 ^)a ^ja^j ^xl'llax^aV 1 p.1^111 ClVl^-o (3^ 

a^£J A_x-alVA L > l'i^ dulll idl ^Lijl iAlIaVj ^-CaJ L-klj^A^ ^jIj ^Ixc-l lg AVIj ^ai c_jll£Jl 11 a ^al_ui3l 

^1 Adjall ji&l A_L-aiA CIIa^Ixa A3^)*aj l^J al jx\\ ^^Ull L^ 0 *^^ c ' .CIVI.-^aII 

."W 1 



UU-J ^I'KV) AJjLa AjIaC. A AlVil^J^Iaj <jl tc__llj£Jl oJA 6$. 1^)3 ^_>Ja!^]l <_ja 

^a AjLJoc.1 (Jaxj C-W- ^l'i V \j ^^jjj^IaII dil^Vj*^ (j-o ^JiV^M i** )\.\ a ) a_s1£aj ^l^c-V 

t^jjjtA (JL^-aj Ig x^x^Vij tA aJViVI aAA £^lc- ^jaSj 1-AA .aJL^-a (J^ A-illx!! dll^)±^Jl ^jj£1aJj (j>ia Jill ^->JaxJ 

• jj/a'hUM.all ^ja A_>JaJ^)C. A^J^jjJu (Jj3 <_ja ^al, W'uxi^yUj (J^LaaII ^ja £ja! j C. \)h A aJVi! ^)3jJ ^a^C. j 

^al^A t qV^aJI 13-lx^VI c.l£.!l]l A aIViI JJjLjj A x^>1A\1 CjIjV^H j £_£^Ija]1j Clllj^)Iai]l L ihffil AJIuia ^iljj A-ilc. 

(JI^-a jjjJvill c. ; ^^aLJI c' ajjj^. aJLuia ^JI ## .ajJj1I j ^IriVuxiVl j t (J J\ a!1]1 a_L^.I^a 

Aj\aC. S^)3jJa]1 ^jIjaIIj i^yixji^\ ^Ic. ^C.1 'iJ -ax^Vi A aJViI ^)J^laj AjIaC. ^k±3 

CIiIa ^IxaII oAA ^jauJ ^A A_g_^. j ^>a ^A-iaAI A_IIaaa]1 > AjjLi^JI a \\ (. qV^a ^jqYn (jLuij^J o^jla dilj 

AqV*VNA ClAxllj £.ljJOJ .1^. L> ^Jj^jl^i] A_^Ija I^jLa^IxA S^J)J-aA.ll A aJo iVl^J A_J^)la_l]l 

^3 1^)11 jl qu^x^ViaII j L_1^)*J1 (Jj3 ^ja tA_*_>Jal jIaII ^IaALoia (JxJjaJ <jl "iaM ^al'i'kll ^3 

^3 A^lu^i (JI'NaII l^A CI 1 U.UJ l^A ^^3 ^,x«oaH ^3 AjljIIaII t(jL^-A]l IaA <^3 

Uj^Lj 


^Jl£ ul^ ^ filial ^Jjj uAIjaJI ljUaj £a 


gAC' J^Au .J 





• A/ieKcaH/ip LUaMkic . neBe,qeHne, BocnpunTue, Mbim/ieHi/ie: npo6/ieMbi 

co3,qaHHfl MCKyccTBeHHoro MHTe/i/ieKTa, EziHTOPna/1 YPCC. 2005 r. 

• CnoapT Pacce/i . rimep HopBHr. McKyccTBeHHbin nHTe/i/ieKT. CoBpeMeHHbin 

no/ixo/i, M3/iaTe/ibCTBo: Bn/ibaMC. 2006 r. 

K. IItmumh . A/iropuTMbi MCKyccTBeHHoro MHTe/i/ieKTa Ha 33biKe PROLOG, 
M3/iaTe/ibCTBP: Bn/ibflMC . 2004 r. 

• ApKaziHH HacTMKPB . TaTbi^Ha raBPH/iPBa, Pa3pa6oTKa 3KcnepTHbix CMCTeM. 
Cpe,qa CLIPS, M3/iaTe/ibCTBp: BXB-neTep6ypr. 2003 r. 

• A. n. HacTMKOB, fl. Jl. Be/iPB, T. A. raBpn/ioBa, Pa3pa6PTKa 3KcnepTHbix 
ckicTeM . Cpezia CLIPS . TBep/ibm nepen/ieT (2003) 

• A. M. EauiMaKOB, M. A. EawMaKOB, 1/lHTe/i/ieKTva.nbHbie HHcbPPMauHOHHbie 
TexHO/iorHH . TBep/ibm nepen/ieT (2005) 

• Jl. T. KeMapueBa, A. B. MaKCHMOB, Hei/ipoKOMnbioTepbi. TBep/ibm nepen/ieT 
(2004) 

• T. B. EBreHeB, CncTeMP/iorna HH>KeHepHbix 3HaHHH. TBep,qbin nepen/ieT 
(2001) 

• IO. A. TpHropbeB, T. M. PeByHKOB, BaHKH ziaHHbix. TBep,qbin nepen/ieT (2002) 

• B. B. fleBflTKPB, CncTeMbi HCKVCCTBeHHoro HHTe/meKTa. TBep/ibm nepen/ieT 
(2001) 

• Banec/iaB AcboHMH . B/iaziHMHP MaKVLUKHH, MHTe/i/ieKTya/ibHbie 

pe6pTPTexHMHecKne CMcreMbi, M3/iaTe/ibCTBo: MHTepHeT-VHHBepcHTeT 

HHCbOPMaUHOHHbIX TeXHO/lOrHH. 2005 r. 

• B. Jl. Ac|3eHMH, B. A. MaKyniKHH, MHTe/i/ieKTya/ibHbie po6oTOTexHHHecKne 
CMCTeMbi . TBepflbiki nepen/ieT (2005) 

• K. npoTacPBa . McKyccTBeHHbin MHTe/i/ieKT. CrpaTernn n MeTO,qbi peLiieHnfl 
c/ie>KHbix npo6/ieM, M3/iaTe/ibCTBe: Bn/ibflMC , 2003 r. 

• A. Jl. LilaMMC, floBe/ieHHe, BocnpMflTkie, Mbim/ieHne: npe6/ieMbi co3.qaHHfl 
HCKyccTBeHHore MHTe/i/ieKTa . M3,qaTe.nbCTBo: EflHTopna/1 YPCC, 2005 r. 

• A. V\. EauiMaKOB, M. A. BaiiiMaKPB, Pa3pa6eTKa KOMnbKrrepHbix VMe6HHKOB h 
o6yHaiomnx CHcreM , M3/iaTe/ibCTBo: E,anTopna/i YPCC, 2003 r. 

• H. UCHMUKMM, BBe/ieHHe B HCKVCCTBeHHblH HHTe/l/ieKT, M3flaTe/lbCTBO: £IMK 
npecc , 2004 r. 

• E. B. Mac/ieHHHKOB, BKcnepTHoe 3HaHne. MHTerpauHOHHbiH no,qxo.q h ero 
npn/ip>KeHMe b couno/iornHecKOM ncc/ie.qoBaHHn, H3,qaTe.nbCTBo: HayKa, 2001 

r. 

• BoH/iapeB B.H., A,qe O.T., McKyccTBeHHbm HHTe/i/ieKT: YHe6Hee noco6ne a/isi 
BV3PB 

TBep/ibiki nepen/ieT (2002) 

• B. K. Omhh, MHTe/i/ieKTya/ibHbie cncreMbi h o6mecTBO. W3.qaTe.nbCTBo: CnHTer , 
2002 r. 

• IO. O. Te/ibHOB, MHTe/i/ieKTya/ibHbie HH0opMaunoHHbie CHcreMbi b 
BKOHOMMKe. , yneOHoe noco6i/ie , MarKaa e6/ip>KKa (2000) 

• B. B. KopHeeB, A. O. TapeeB, C. B. BacioTMH, B. B. Panx, Ba3bi aaHHbix. 
1/lHTe/i/ieKTva/ibHaa o6pa6eTKa HH0opMaunn, MarKaa e6/ip>KKa (2000) 

• K.A. IlynKOB, B.T. KeHbKOB, MHTe/i/ieKTya/ibHbie cncreMbi, MnrKaa o6/iP>KKa 
(2003) 

• B. A. 0n/innnoB, MHTe/i/ieKTva/ibHbiki aHa/iH3 aaHHbix: MeToabi h cpe/icTBa, 
M3/iaTe/ibCTBe: flMTep , 2000 r. 


• B. 9 \. /lnxTum-i,qep, M. A. Ky3flKMH, A. B. PocnnKOB, C. M. OoMMMeB, 
HHTe/iJieKTva/ibHbie ceTM cba3h . M3qaTenbCTBo: rimep, 2000 r. 

• T. A. KyuiHnp, CkicTeMbi MCKveeTBeHHoro MHTe/uieKTa. JleKUMn, 
M3/iaTe/ibCTBo: MapKeTMHr . 2001 r. 

• BarMH B.H., To/iOBHHa E.IO., 3aropnHCKan A. A. m qp. ZIocTOBepHbiM m 
npaBqonoqo6HbiM BbiBoq b MHTenneKTvanbHbix CMcreMax. KHMronenaTHafl 
npoqyKUMfl (2004) 

• A. B. A/ieicceeB, A. H. Eopmcob, 3. P. Bm/ikdmc, H. H. Cnnq3b, C. A. Oommh, 
HHTe/iJieKTva/ibHbie cncreMbi npHHflTHa npoeKTHbix peLueHMM. M3qaTenbCTBo: 
Zinatne . 1997 r. 

• llpoqeyc A. H., 3axpa6oBa E. H. SKcnepTHbie CHcreMbi b MeqMUMHe, 
M3/iaTe/ibCTBo: BeK + . 1998 r. 

• T. A. raBpmioBa, B. O. XopouieBCKMM, Ba3bi 3HaHMM MHTenneKTvanbHbix 
CMCTeM 

ByKMHMCTMMecKoe M3qaHMe (2000) 

• T. A. raBpn/ioBa, McKyccTBeHHbiki MHTenneKT. B Tpex KHkirax. KHkira 3 . 
nporpaMMbie m annapaTHbie cpeqcTBa, M3qaTenbCTBo: Paqno m CBfl3b. 1990 r. 

• BarMH B.H., V onoBMHa E.K3., 3aropaHCKaa A.A. m zip.. flocroBepHbiM m 
npaBqonoqo6HbiM BbiBoq b MHTenneKTyanbHbix CMcreMax, 2004 r. 

• A. B. A/ieicceeB, A. H. Bopmcob, 3. P. Bm/ikdmc, H. H. Cnnq3b, C. A. Oommh, 
MHTe/uieKTva/ibHbie cncTeMbi npMHflTMn npoeKTHbix peineHMM . TBepqbm 
nepermeT (1997) 

• EpeMeeB A.n. 3i<cnepTHbie MoqenM m MeToqbi npMHATMn peiueHMM. - M.: M3M, 

1995. 

• 3aropy/ibKO K3.A., llonoB M.T. ripe.qcTaB.neH Me 3H3 hmm b MHTerpMpoBaHHOM 
TexHonorMHecKOM cpeqe SemP-TAO// C6. npo6neMbi npeqcraBneHMn m 
o6pa6oTKM He nonHOCTbio onpeqeneHHbix 3HaHMki/ - M. - Hobocm6mpck, RRIAI, 

1996. 

• 3aqe H. noHATMe nMHrBMCTMHecKOM nepeMeHHOki/ nep. c aHrn. M.: Mnp, 1976. 
- 165 C. 

• McKycTBeHHbm MHTenneKT: - B 3 kh.: CnpaBOHHMKM/ noq peq. 3.B. llonoBa, 
fl.A. llocnenoBa, B.H. 3axapoBa, B.O. XopomeBCKoro. - M.: Paqno m CBfl3b, 
1990. 

• nepiiiMKOB B.M., CaBMHKOB B.M. TonKOBbm cnoBapb no MHc|DopMaTMKe. - M., 
OMHaHCbl M CTaTMCTMKa, 1991. 

• llonoB 3.B., OpnqMaH T.P. AnropMTMMMecKMe ocHOBbi MHTenneKTyanbHbix 
Po6otob m MCKyccTBeHHoro MHTenneKTa. - M.: HayKa, 1976. 

• llonoB 3.B. 3KcnepTHbie CMCTeMbi: PeuieHMe HecjDopManM30BaHHbix 3aqan b 
qManore c 3BM. - M.: HayKa. Rn. peq. cJd-m nv\j., 1987. 

• llonoB 3.B. m qp. PeMH>KMHMpMHr 6M3Heca: PeMH>KMHMpMHr opraHM3auMM m 
MH cjDopMauMOHHbie TexHonorMM. - M.: OMHaHCbl m CTaTMCTMKa, 1997. 

• llocnenoB r.C. CMcreMHbm aHanM3 m MCKyccTBeHHbiki MHTenneKT. - M.: B14 AH 
CCCP, 1980. 

• llocnenoB r.C. McKyccTBeHHbiM MHTenneKT - ocHOBa hobom MHcfjopMauMOHHOM 
TexHonorMM. - M.: HayKa, 1988. 

• llocnenoB fl.A. CMTyauMOHHoe ynpaBneHMe: TeopMn m npaKTMKa. - M.: HayKa, 
1980. 

• Mmhckmm M. CTpyKTypa qnn npeqcTaBneHMn 3H3HMn // ncMxonorMn 
ManiMHHoro 3peHMn/ - M.: Mnp, 1978. 

• YoTepMaH fl. PyKOBoqcTBO no 3KcnepTHbiM cncreMaM. - M.: Mnp, 1989. 

• LilBeuoB A.E. OcHOBHbie nono>KeHMn TexHonorMM aKTMBHbix 06 ^ 6 ^ 00 . - 
Hobocm6mpck, ripenpMHT/ Poc. HUM MM, 1995. 


• A/ieKcaH/ipoB H.M. m rq. MoflermpoBaHMe opraHM3auMM m ynpaB/ieHMfl 
peLueHkieM HayMHO-TexHkmecKMX npo6/ieM. M., HayKa, 1988. 

• A6nyK B.A., ByHKMH B.A. l/lHTeHCMcjDMKauMfl : npMHATMe peuieHMi/i. - El.: 
J1eHM3/iaT, 1987. - 174 C. 

• Eopi/icoB A.H. v ,qp. Mo.qe.nM npMHflTMn peuieHMi/i Ha ocHOBe nMHrBMCTMHecKOM 
nepeMeHHOki. - PMra; 3MHATHE, 1982. C. 173 

• EcIdmmob E.M. PeniaTe/iM MHTenneKTyanbHbix 3aqa<-i. - M.: HayKa, 1982. 

• fleparHH PM. A/iropnTM peweHMn MccneqoBaTenbCKMX npo6/ieM 

//HHc|3opMaTMKa i/i ee npo6/ieMbi. - Hoboci/i6i/ipck, HayKa, Bbin.5, 1972. 

• XyKOBMH B.E. MHoroKpnTepna/ibHbie MoqenM npi/iHflTkm peuieHMM c 
HeonpeqeneHHOCTbio. - T6 m/imcm, 1983. 

• HapHHeB O M. HayKa m MCKyccTBO npMHATMn pemeHMi/i. M., 1979. 

• Hapi/meB 0 M. npo6/ieMbi npMHATMn peuieHMi/i c yneTOM cjDaKTopoB pMCKa m 
6e3onacHOCTM. BecTHMK AH CCCP, 1987, N 11, C. 38-45. 

• JlOTOB A.B. l/l qp. KOMnbKDTep M nOMCK KOMnpOMI/ICCa. MeTOq qOCTM>KMMblX 

uenei/i. M. HayKa, 1997. 

• MaKapoB H.M. i/i qp. Teopna Bbi6opa m npi/iHATi/ia peuieHMi/i. M.: HayKa, 1987. 

• HMCci/meH 1/1., BoyTMnaMHeH 3. BpeMn pyKOBoqMTenn: 3c|3cj3eKTMBHOCTb 

ncno/ib30BaHna.- M.: 3KOHOMMKa. 1988. -193 C. 

• 03epHOki B.M. llpHHflTMe pemeHi/iM (o63op). - "ABTOMaTMKa m TeneMexaHMKa", 
Nil, 1971, C. 106-121. 

• OCHOBbl CjDyHKUMOHa/lbHO - CTOMMOCTHOTO aHanM3a. / nofl peq. M.r. 

KapnyHMHa m B.M . Mai/iqaHHMKa. - M.: 3HeprMn, 1980.-176 C. 

• Op/ioBCKi/iki C.A. npo6/ieMbi npHHATkia peLueHMi/i npM pacnnbiBHaToi/i 

MHc|3opMauMM. - M.: HayKa, 1981. 

• CaaTM t. npHHATkie peweHMM: MeToq aHa/iM3a MepapxMi/i/ llep. c aHrn. - M.: 
Paqno m CBA3b, 1993. 

• 4)y H KUMO Ha/lb HO -CTO MMOCTHbIM aHa/lM3 B 3/ieKTpOTeXHMKe/ noq peq. M.r. 
KapnyHMHa. M.: 3HeproaTOMM3qaT, 1984. - 288 C. 

• OpeHKc/1. TeopMfl CMTHanoB. - M.: Cob. paqno, 1974. 

• Ennals, R., Artificial Intelligence: Applications to Logical Reasoning and Historical 
Research. New York: Wiley, 1985. 

• Banerji, R. B. (1980). Artificial Intelligence: A Theoretical Approach. North Holland, NewYork. 

• Winston, P. H., Artificial Intelligence, second edition. Reading, Mass.: Addison -Wesley, 
1984. 

• Charniak, E. and McDermott, D., Introduction to Artificial Intelligence. Reading, Mass.: 
Addison -Wesley, 1985. 

• Gevarter, W. B., Intelligent Machines: An Introductory Perspective of Artificial 
Intelligence and Robotics. Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1985. 

• Reitman, W., (ed.). Artificial Intelligence Applications for Business. Norwood, N. J.: 
Ablex, 1984. 

• Feigenbaum, E., and McCorduck, P., The Fifth Generation: Artificial Intelligence and 
Japan's Computer Challenge to the World. Reading, Mass.: Addison-Wesley, 1983. 

• Waterman, D., A Guide to Expert Systems. Reading, Mass.: Addison-Wesley, 1986. Hayes- 
Roth, F., Lenat, D., and Waterman, D., (eds.). Building Expert Systems. Reading, Mass.: 
Addison-Wesley, 1983. 

• Winograd, T., Language As a Cognitive Process, Volume I: Syntax. Reading, Mass.: 
Addison-Wesley, 1983. 

• Schank, R. and Abelson. R., Scripts, Plans, Goals, and Understanding. Hillsdale, N.J.: 
Lawrence Erlbaum, 1977. 

• Ballard. D. and Brown, C., Computer Vision. Englewood Cliffs, N.J.: Prentice-Hall, 1982. 



• Wos, L., Overbeek, R.. Lusk, E., and Boyle, J., Automated Reasoning: Introduction and 
Applications . Englewood Cliffs, N. J.. Prentice-Hall, 1984. 

• Maier, D., "Databases in the Fifth Generation Project: Is Prolog a Database Language?", in New 
Directions for Database Systems , Ariav, G. and Clifford. J.. eds. Norwood, N.J.: Ablex, 
1986, 

• Fishman, D., "The DBMS— Expert-System Connection", in New Directions for Database 
Systems , Ariav, G. and Clifford, J., eds. Norwood, N.J.: Ablex, 1986, 

• Michalski, R., Carbonell, J., and Mitchell, T., eds.. Machine Learning: An Artificial 
Intelligence Approach. Palo Alto, Ca.: Tioga, 1983. 

• Goldberg, A., and Robson, D., Smalltalk-80: The Language and Its Implementation. 
Reading, Mass.: Addison-Wesley, 1983. 

• Winston, P.. and Horn, B., Lisp , second edition. Reading, Mass.: Addison-Wesley, 1984. 

• Olivier Faugeras (1993). Three-Dimensional Computer Vision, A Geometric Viewpoint, MIT 
Press. 

• David A. Forsyth and Jean Ponce (2003). Computer Vision, A Modern Approach, Prentice Hall 

• Richard Hartely and Andrew Zisserman (2003). Multiple View Geometry in computer vision, 
Cambridge University Press 

• Aha, D. W., Kibler, D., and Albert, M. K. (1991). Instance -based learning algorithms. Machine 
Learning, 6( 1 ):37— 66. 

• Al-Attar, A. ( 1991 ). Structured Decision Tasks Methodology. Attar Software Ltd., Newlands 

• Aleksander, I., Thomas, W. V., and Bowden, P. A. (1984). Wisard: A radical step forward in 

image recognition. Sensor Review, 4:120-124. 

• Arbab, B. and Michie, D. ( 1988). Generating expert rules from examples in prolog. In 

• Hayes, J. E., Michie, D., and Richards, J., editors. Machine Intelligence 11, pages 289 -304. 
Oxford University Press, Oxford. 

• Bain, M. (1990). Machine-learned rule-based control. In Grimble, M., McGhee, J., and Mowforth, 
P., editors, Knowledge-Based Systems in Industrial Control, pages 222-244, Stevenage. Peter 
Peregrinus. 

• Bilbro, G. and den Bout, D. V. (1992). Maximum entropy and learning theory. Neural 
Computation, 4:839-853. 

• Bratko, I. (1991). Qualitative modelling: Learning and control. In Proceedings of the 6 th 
Czechoslovak Conference on Artificial Intelligence . Prague. 

• Bratko, I. Mozetic, I. and Lavrac, L. (1989). KARDIO: A Study in deep and Qualitative 
Knowledge for Expert Systems. MIT Press, Cambridge, MA, and London. 

• Breiman, L., Friedman, J. H., Olshen, R. A., and Stone, C. J. (1984). Classification and 
Regression Trees. Wadsworth and Brooks, Monterey, Ca. 

• Buntine,W. (1992). Learning classification trees. Statistics and Computing, 2:63-73. 

• Dvorak, D. L. ( 1987). Expert systems for monitoring and control. Technical Report 

• Ersoy, O. K. and Hong, D. (1991). Parallel, self-organizing, hierarchical neural networks for 
vision and systems control. In Kaynak, O., editor. Intelligent motion control: proceedings 

• Fukunaga, K. (1990). Introduction to Statistical Pattern Recognition. Academic Press, 2 nd 
edition. 

• Geman, S. ( 1992). Neural networks and the bias/variance dilemma. Neural computation, 4: 1-58. 

• Hecht-Nielsen. R. (1989). Neurocomputing. Addison-Wesley, Reading, Mass. 

• Hertz, J., Krogh, A., and Palmer, R. (1991). Introduction to the Theory of Neural 
Computation. Addison-Wesley. 

• Kohonen. T., Barna, G., and Chrisley, R. (1988). Statistical pattern recognition with neural 
networks: Benchmarking studies. In IEEE International Conference on Neural Networks, volume 
1, pages 61-68, New York. (San Diego 1988), IEEE. 

• Krishnaiah, P. and Kanal, L., editors ( 1982). Classification, Pattern Recognition, and Reduction of 
Dimensionality, volume 2 of Handbook of Statistics. North Holland, Amsterdam. 



• Clocksin, W. and Mellish, C., Programming in Prolog, second edition. Berlin, B.R.D.: 
Springer-Verlag, 1984. A well-written introduction to Prolog as a programming language, 
including features not covered in our book. Uses a dialect containing ours. Sterling, L. and 
Shapiro, E., The Art of Prolog. Cambridge, Mass.: MIT Press, 1986. A more detailed 
introduction to Prolog. 

• Bratko, I., Prolog Programming for Artificial Intelligence . Reading, Mass.: Addison- 
Wesley, 1986. 

• Clark, K., and McCabe, F., Micro-Prolog: Programming in Logic. Englewood Cliffs, N. 
J.: Prentice-Hall International, 1984. 

• Dudgeon, D.E. and R.M. Mersereau, Multidimensional Digital Signal Processing. 1984, 
Englewood Cliffs, New Jersey: Prentice-Hall. 

• Castleman, K.R., Digital Image Processing. Second ed. 1996, Englewood Cliffs, New Jersey: 
Prentice-Hall. 

• Oppenheim, A.V., A.S. Willsky, and I.T. Young, Systems and Signals. 1983, Englewood Cliffs, 
New Jersey: Prentice-Hall. 

• Papoulis, A., Systems and Transforms with Applications in Optics. 1968, NewYork: McGraw-Hill. 

• Russ, J.C., The Image Processing Handbook. Second ed. 1995, Boca Raton, Florida: CRC Press. 

• Giardina, C.R. and E.R. Dougherty, Morphological Methods in Image and Signal Processing. 
1988, Englewood Cliffs, New Jersey: Prentice-Hall. 321. 

• Gonzalez, R.C. and R.E. Woods, Digital Image Processing. 1992, Reading, Massachusetts: 
Addison -Wesley. 716. 

• Goodman, J.W., Introduction to Fourier Optics. McGraw-Hill Physical and Quantum Electronics 
Series. 1968, New York: McGraw-Hill. 287. 

• Stockham, T.G., Image Processing in the Context of a Visual Model. Proc. IEEE, 1972. 60 : p. 828 
- 842. 

• Murch, G.M., Visual and Auditory Perception. 1973, New York: Bobbs-Merrill Company, Inc. 
403. 

• Frisby, J.P.. Seeing: Illusion, Brain and Mind. 1980, Oxford, England: Oxford University Press. 
160. 

• Born, M. and E. Wolf, Principles of Optics. Sixth ed. 1980, Oxford: Pergamon Press. 

• Young, I.T., Quantitative Microscopy. IEEE Engineering in Medicine and Biology, 1996. 15 ( 1 ): 
p. 59-66. 

• Dorst, L. and A.W.M. Smeulders, Length estimators compared, in Pattern Recognition in Practice 
II, E.S. Gelsema and L.N. Kanal, Editors. 1986, Elsevier Science: Amsterdam, p. 73-80. 

• Vossepoel, A.M. and A.W.M. Smeulders, Vector code probabilities and metrication error in the 
representation of straight lines of finite length. Computer Graphics and Image Processing, 1982. 
20 : p. 347-364. 

• Groen, F.C.A., R.J. Ekkers, and R. De Vries, Image processing with personal computers. Signal 
Processing, 1988. 15 : p. 279-291. 

• Verbeek, P.W., H.A. Vrooman, and L.J. Van Vliet, Low-Level Image Processing by Max-Min 
Filters. Signal Processing, 1988. 15 : p. 249-258. 

• Young, I.T. and L.J. Van Vliet, Recursive Implementation of the Gaussian Filter. Signal 
Processing, 1995. 44(2): p. 139-151. 

• Vincent, L., Morphological transformations of binary images with arbitrary structuring elements. 
Signal Processing, 1991. 22(1): p. 3-23. 

• Van Vliet, L.J. and B. J.H. Verwer, A Contour Processing Method for Fast Binary Neighbourhood 
Operations. Pattern Recognition Letters, 1988. 7(1): p. 27-36. 

• Canny, J., A Computational Approach to Edge Detection. IEEE Transactions on Pattern Analysis 
and Machine Intelligence, 1986. PAMI-8(6): p. 679-698. 

• Marr. D. and E.C. Hildreth, Theory of edge detection. Proc. R. Soc. London Ser. B., 1980. 207 : p. 
187-217. 

• Verbeek, P.W. and L.J. Van Vliet, On the Location Error of Curved Edges in Low-Pass Filtered 
2D and 3D Images. IEEE Transactions on Pattern Analysis and Machine Intelligence, 1994. 16 ( 7 ): 
p. 726-733. 



• Lee, J.S.L., R.M. Haralick, and L.S. Shapiro. Morphologic Edge Detection. In 8th International 
Conference on Pattern Recognition. 1986. Paris: IEEE Computer Society. 

• Van Vliet, L.J., I.T. Young, and A.L.D. Beckers, A Non-linear Laplace Operator as Edge 
Detector in Noisy Images. Computer Vision, Graphics, and Image Processing, 1989. 45: p. 167- 
195. 

• Meyer, F. and S. Beucher, Morphological Segmentation. J. Visual Comm. Image Rep., 1990. 1(1): 
p. 21-46. 




Jn*‘i ( dAxll! Lc u3 — ILa ^^3 (J La A g jlL'i.all j jLkjlj c.l£L]L 

# # (3^Lola]1 ^1^11 3Lkj! i tCllLa^Ix-all 


CllLa jlx-all A j Vq'i ^3 j j ^jjLaLtJl j j A _^.^-a l_Aj£A1 ILa 

l-jL&II tc_jLi£Jl ILa ^3 aaj*_a! 1 diL-a^Lall ^jl # ciiLa^I*_A]l ^ u<a^ll i^a 

tL_lJa]l iA XAl.Vlg ll£ ^3 L_3 ^Loj 1 ^a *\\ J S^I^IS 

# c-Ljaall ^s^Ic. tl-j3l^)jt -N.H t 4 -IaIxAI 

# L_Aj£il ^LtAl ^JJA^aW ^-3j AjC-Lu^V^ 



